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2 Abstract 
3

4 Background: Tuberculosis (TB) remains a leading cause of morbidity and mortality among 

5 individuals in Zambia, especially people living with HIV (PLHIV). We undertook a care cascade 

6 analysis to identify the largest gaps and align TB program improvement measures with areas of 

7 greatest need.

8

9 Methods: We derived national-level estimates for each step of the care cascade for individuals 

10 with active TB disease in Zambia in 2018. We characterized the overall cascade as well as 

11 disaggregated by drug-susceptibility results and HIV-status. Estimates were informed by WHO 

12 incidence estimates, nationally aggregated laboratory and notification registers, and individual-

13 level program data from four out of the country’s ten provinces. 

14

15 Results: In 2018, the total burden of TB in Zambia was estimated to be 72,495 (range, 40,495-

16 111,495) cases. Of these, 43,387 (59.8%) accessed TB testing, 40,175 (proportion in relation to 

17 total TB burden – 55.4%, relative proportion in relation to previous step – 92.6%) were diagnosed 

18 with TB, 36,431 (50.3%, 90.7%) were started on TB treatment and 32,689 (45.1%, 89.7%) 

19 completed TB treatment. PLHIV tended to have worse outcomes throughout the cascade and 

20 were less likely than HIV-negative individuals to successfully complete TB treatment (42.8% vs. 

21 50.2%). Among those with rifampicin-resistant TB, there was substantial attrition at each step of 

22 the cascade and only 22.1% of all patients were estimated to have successfully completed 

23 treatment. 

24

25 Conclusions: Losses throughout the TB care cascade resulted in a large proportion of 

26 individuals with TB not successfully completing treatment. Ongoing health systems 

27 strengthening is required at every step of the care cascade; however, scale-up of active case 

28 finding strategies is particularly critical to ensure individuals with TB in the population reach initial 

29 stages of care. In addition, a renewed focus on PLHIV and individuals with drug-resistant TB is 

30 urgently needed to improve TB-related outcomes in Zambia.

31
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32 Strengths and limitations of this study

33  The national tuberculosis (TB) care cascade for Zambia in 2018 was characterized in order 

34 to identify the largest gaps in the care continuum.

35  The TB care cascade was constructed for all TB patients as well as according to drug-

36 susceptibility result and HIV-status. 

37  The analysis was informed by a published set of methodologies and utilized several data 

38 sources to derive estimates.

39  Enhanced TB surveillance programs, including the use of unique TB patient identifiers, 

40 would allow for real-time monitoring and improved estimates to inform programmatic 

41 strengthening.

42
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43 Background
44 The WHO End TB strategy aims to reduce incident tuberculosis (TB) cases by 90% and TB-

45 related deaths by 95% between 2015 and 2035 [1]. While many high burden countries in sub-

46 Saharan Africa, including Zambia have demonstrated large reductions in new TB cases and 

47 associated mortality, there remains significant need for improved TB control [2]. TB remains a 

48 leading cause of morbidity and mortality in Zambia, especially among people living with HIV 

49 (PLHIV) [3,4]. In 2018, there were approximately 60,000 new TB cases in Zambia (incidence 

50 rate 346 cases per 100,000 people) that resulted in 18,000 TB-related deaths, of which 72% 

51 were among PLHIV [4]. 

52

53 The HIV “cascade of care” outlines the series of steps that PLHIV go through in order be 

54 diagnosed with HIV, initiated on antiretroviral therapy (ART) and ultimately achieve an 

55 undetectable viral load. This model has been widely applied by HIV programs globally to inform 

56 and strengthen HIV care and delivery and ultimately, significantly increase the number of PLHIV 

57 who know their HIV status, are started on ART and have suppressed viral loads [5]. Similarly, a 

58 national TB care cascade can provide key insight to identify the largest gaps in the diagnosis 

59 and care of TB patients that could then help guide programmatic and research priorities by 

60 aligning limited resources with the areas of greatest need [6,7]. Despite their potential to help 

61 achieve improved TB-related outcomes and control, to date, only South Africa and India have 

62 undertaken and published national-level TB cascade of care analyses [8,9].

63

64 We sought to construct a national TB cascade of care for Zambia to evaluate national TB care 

65 delivery for individuals with active TB disease through enumeration of gaps in the overall care 

66 cascade in 2018 as well as disaggregated by rifampicin-susceptibility results and HIV-status. 

67 Estimates were derived using multiple data sources and the overall approach was informed by 

68 a recently published methodology for constructing TB care cascades [7].

69

70 Methods
71

72 Setting
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73 Zambia has an estimated population of 18,400,000 people living in its Provinces [10]. It has a 

74 high prevalence of HIV (11.5% among adults aged 15-49 years old), and it estimated that at 

75 least 1.2 million persons are living with HIV [11]. TB is a major public health problem in Zambia 

76 [3]; during the last national TB prevalence survey conducted in 2013 and 2014, the prevalence 

77 of microbiologically-confirmed TB was estimated to be 638 per 100,000 persons and was five-

78 times higher among HIV-positive individuals compared to HIV-negative individuals [12].  

79

80 Testing and treatment for TB is almost universally provided within Zambia’s public health system; 

81 while exact estimates are not available, a very small number of TB cases are detected and 

82 managed within Zambia’s private sector. Within the public health sector, the direct costs of all 

83 TB diagnostics and treatment are provided free of charge. In 2018, Xpert MTB/RIF was the 

84 recommended first-line diagnostic for all individuals undergoing evaluation for possible TB 

85 (pulmonary or extra-pulmonary) in Zambia as well as initial drug-susceptibility testing (DST) [13]; 

86 however, it was not universally available at all facilities, in which case routine TB investigations 

87 included acid fast bacilli (AFB) fluorescence or Ziehl-Neelsen microscopy and chest radiography, 

88 where available. Among those with confirmed rifampicin-resistant (RR) or multi-drug resistant 

89 (MDR) TB, it was recommended that either liquid culture or a molecular line probe assay was 

90 used as follow-on tests for further DST [13]. First line TB treatment was provided to all patients 

91 without evidence of rifampicin-resistance and consisted of isoniazid, rifampicin, ethambutol and 

92 pyrazinamide for 6-9 months in conformity with WHO recommendations [14]. In 2018, Zambia 

93 began scaling up shorter treatment regimens comprised of new and repurposed TB drugs for 9-

94 12 months for eligible RR- and MDR-TB patients – this accounted for the majority of cases 

95 [15,16]; however, some patients still received longer MDR-TB treatment regimens comprised of 

96 several TB drugs, including an injectable agent, for at least 20 months.

97

98 Patients diagnosed with TB are notified in a paper-based register and initiated on TB therapy at 

99 the corresponding TB treatment facility, which is also responsible for documentation of the 

100 treatment outcome of the patient. Data on diagnostic outcomes, notifications and treatment 

101 outcomes are aggregated from each facility through the district office to the national level on a 

102 monthly basis.

103
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104 Ethics
105 Because this was a retrospective, population-level analysis without the use of any patient 

106 identifiers, this analysis did not qualify as human-subjects research and therefore was exempt 

107 from review by the University of Zambia Biomedical Research Ethics Committee.

108

109 Patient and public involvement 
110 Patients and the public were not involved in the design and conduct of this analysis. However, 

111 there are plans to disseminate the findings to TB communities through TB stakeholder meetings 

112 with neighborhood health committees, which includes former TB patients and other community 

113 TB advocates.

114

115 TB Cascade Data Sources
116 Several data sources were used to inform estimates within each step of the care cascade and 

117 these are clearly noted whenever relevant in the detailed data analysis approach 

118 (Supplementary Appendix). To inform estimates of the overall burden of TB in Zambia in 2018, 

119 WHO estimates of TB incidence from 2018 and 2017 were utilized [2,4,17]. The proportion of 

120 total TB cases estimated to be rifampicin-resistant was derived using estimates from the most 

121 recent national survey of TB drug resistance in Zambia [18]. Diagnostic outcomes were informed 

122 by a nationally aggregated database of TB diagnostics, which includes the number and type of 

123 investigations (Xpert or smear microscopy), by year as well as the number of TB cases detected 

124 according to type of TB investigation and HIV-status. All treatment outcomes were informed by 

125 a nationally aggregated TB treatment register. In Zambia all patients initiated on TB therapy 

126 have their outcome documented in a paper-based register at the corresponding TB treatment 

127 facility, which is then aggregated from each facility through the district office to the national level 

128 on a monthly basis. Individual level programmatic data from four Zambian Provinces (Eastern, 

129 Lusaka, Southern, Western) regarding all patients investigated for TB and those started on 

130 treatment between January 1st and December 31st 2017 (n=43,896, n=11,814, respectively) was 

131 used to estimate the proportion of patients who had both positive Xpert and smear microscopy 

132 results as well as the proportion of patients who were Xpert or smear-negative, but received 

133 empirical TB therapy. Sensitivity estimates stratified by HIV-status of Xpert [19] and smear 

134 microscopy [20,21] for the detection of TB as well as Xpert [19], molecular line probe assays 
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135 [22] and liquid culture [23] for rifampicin-resistance were informed by previously published 

136 systematic reviews and meta-analyses. 

137

138 Estimation Methods
139 We calculated national-level estimates for each step of the TB care cascade in Zambia in 2018. 

140 This included: Step 1: The total TB burden (prevalent TB cases in 2018); Step 2: the total number 

141 who accessed TB testing; Step 3: the total number who were diagnosed with TB; Step 4: the 

142 total number who were notified and started on TB treatment; Step 5: the total number who 

143 successfully completed TB treatment. Each step of the cascade as well as the overall TB care 

144 cascade was calculated among all patients and disaggregated according to rifampicin-resistance 

145 result and among those with drug-susceptible TB, by HIV-status. Rifampicin resistant TB was 

146 defined as the detection of rifampicin resistance on any clinical specimen using Xpert, molecular 

147 line probe assay or liquid culture. Drug susceptible (DS) TB was defined as any TB case without 

148 known rifampicin resistance. 

149

150 The approach to all estimates followed recommendations outlined in a published set of methods 

151 for constructing national-level TB care cascades [7]. Below, we describe a brief overview of the 

152 approach to calculate the TB care cascade, however, a highly detailed summary of all 

153 assumptions, calculations, estimates, and data sources is summarized in Supplementary 
154 Tables 1-5. We first started with Step 4 (the total number of patients who were notified and 

155 started on TB treatment - including new, relapse, treatment after failure, treatment after loss-to-

156 follow-up patients and other previously treated cases [24]) and Step 5 (the total number who 

157 successfully completed TB treatment), which were both directly informed by aggregated facility-

158 level notification data. Step 3 (the total number who were diagnosed with TB) was then back 

159 calculated from the number of cases notified (Step 4) and the proportion of patients who were 

160 estimated to have been lost-to-follow-up prior to initiation of TB therapy (pre-treatment loss-to-

161 follow-up [PTLTFU]); PTLTFU was estimated based on the difference between the number of 

162 microbiologically-confirmed DS pulmonary TB cases that were detected in 2018 (informed by 

163 aggregated facility-level laboratory data) and the number of all microbiologically-confirmed DS 

164 pulmonary TB cases that were notified (informed by aggregated facility-level notification data). 

165 Step 2 (the total number who accessed TB testing) was calculated by adding the number of 
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166 cases missed due to the incomplete sensitivity of TB diagnostic assays to the number of total 

167 TB cases diagnosed (Step 3). The overall approach for Steps 2-5 was similar for both DS-TB 

168 and RR-TB (Supplementary Tables 1-5). The overall TB burden (all forms) was estimated using 

169 the WHO TB incidence estimate for 2018, plus 50% of the number all cases that remained 

170 undiagnosed in 2017; a 50% estimate has previously been utilized and assumed that the 

171 remaining 50% of undiagnosed cases in 2017 either self-cured or died [9,25]. To determine the 

172 total number of rifampicin resistant TB cases (Step 1), we multiplied the overall TB burden by 

173 the proportion of all patients who had rifampicin resistance detected during a national drug 

174 resistance survey [18]. The total number DS-TB cases was calculated using the total TB burden 

175 minus the number of RR-TB cases. All “gaps” between each step were calculated by taking the 

176 difference in the total number of cases and uncertainty estimate (either 95% confidence intervals 

177 or range) between the succeeding and proceeding step. All TB care cascades were depicted 

178 graphically using bar charts representing the absolute number of cases and associated 

179 uncertainty measurement (if applicable). For each step of each cascade, proportions relative the 

180 total TB burden (Step 1) as well as relative to the prior step were calculated. 

181

182 To understand any progress that may have underpinned the 2018 TB care cascade, we also 

183 evaluated TB diagnostic and treatment completion trends from 2015 to 2018.  Using facility-level 

184 aggregated laboratory data, the number of Xpert tests sent each year were plotted against (a) 

185 the total number of pulmonary TB cases diagnosed each year, including the proportion that was 

186 microbiologically confirmed as well as (b) the total number of RR-TB cases diagnosed and 

187 notified each year. We also plotted the proportion of TB patients each year who started TB 

188 treatment that successfully completed it, disaggregated according to TB case type: (1) HIV-

189 positive new/relapse pulmonary TB, (2) HIV-negative new/relapse pulmonary TB, (3) 

190 retreatment TB not including relapse cases, (4) extrapulmonary TB, (5) RR-TB. 

191

192 Results
193

194 Overall National TB Care Cascade for 2018
195 In 2018, the overall burden of TB in Zambia was estimated to be 72,495 cases (range: 40,495-

196 111,495; Table 1; Figure 1a). Of the total burden of TB cases, 43,387 (59.8%) were estimated 
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197 to have sought care for their TB illness and undergone microbiologic TB testing. Among these 

198 individuals 40,175 (overall proportion - 55.4%, relative proportion 92.6%) were diagnosed with 

199 TB, 36,431 (overall proportion – 50.3%, relative proportion 90.7%) were notified and initiated on 

200 TB therapy and 32,689 (overall proportion – 45.1%, relative proportion 89.7%) completed TB 

201 therapy. Therefore, 39,806 (54.9%) of the estimated TB cases in 2018 did not complete the TB 

202 care cascade. Individuals who did not seek care for their TB illness or who sought care but did 

203 not undergo microbiological TB testing accounted for 29,108 (73.1%) TB cases lost along the 

204 cascade in 2018 (Table 2); incomplete diagnostic sensitivity among individuals accessing 

205 microbiologic testing contributed to an additional 3,211 (8.1%) missed TB cases, and losses-to-

206 follow-up prior to TB treatment initiation and prior to TB treatment completion accounted for 

207 3,745 (9.4%) and 3,742 (9.4%) cases lost, respectively. 

208

209 TB Care Cascade by Drug Susceptibility Result
210 We estimated the burden of drug susceptible (DS) TB in 2018 to be 70,755 (range, 40,009-

211 107,481) cases - approximately 97.6% of the total TB burden. The DS-TB cascade was largely 

212 similar to the overall TB cascade with 32,304 (45.7%) of all cases being diagnosed with TB, 

213 initiating on and completing TB treatment (Table 1; Figure 1b). The total number of rifampicin-

214 resistant (RR) TB cases was estimated to be 1,740 (range, 486-4,014), or 2.4% of the total TB 

215 burden. Compared to DS-TB cases, individuals with RR-TB were substantially less likely to 

216 access microbiological TB testing (52.3% vs. 60.0%, p<0.001), have their TB diagnosed (68.9% 

217 vs. 93.1%, p<0.001), be notified and initiated on TB treatment (81.2% vs. 90.8%, p<0.001) and 

218 to complete TB therapy (75.6% vs. 89.9%, p<0.001) (Figure 1c). Thus, only 385 (22.1%) RR-

219 TB cases completed the TB care cascade. The majority RR-TB cases along the pathways were 

220 due to individuals who did not seek care or who did not have access to TB and/or drug 

221 susceptibility testing (61.3%; Table 2); however, 283 (20.9%) of lost RR-TB cases were among 

222 those who accessed TB testing and had RR-TB missed, 118 (8.7%) were among those who had 

223 RR-TB detected but were not notified and started on appropriate TB therapy, and 124 (9.2%) 

224 were among those who did not complete RR-TB therapy (Table 2). 

225
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226 Drug Susceptible TB Care Cascade by HIV-status
227 Of 70,755 drug-susceptible TB cases in 2018, 43,411 (range, 23,911-65,911; 61.4%) were 

228 estimated to be among people living with HIV, while 27,344 (range, 16,098-41,570; 38.6%) were 

229 estimated among those who were HIV-negative. Compared to patients with DS-TB who were 

230 HIV-negative, HIV-positive patients with DS-TB were less likely to access microbiological TB 

231 testing (57.0 vs. 64.8%) and were less likely to complete TB treatment (88.4% vs. 92.1%). This 

232 resulted in a lower overall proportion of HIV-positive patients compared to HIV-negative patients 

233 completing the TB care cascade (42.8% vs. 50.2%, p<0.001; Table 1; Figures 1d and 1e). For 

234 both HIV-positive and HIV-negative patients with DS-TB, the largest loss in the care cascade 

235 was due to patients not accessing microbiological TB testing resulting in 18,597 (75.2%) and 

236 10,939 (70.6%) missed cases, respectively. 

237

238 TB Diagnosis Trends from 2015 to 2018
239 Between 2015 and 2018 Xpert MTB/RIF was increasingly utilized as the first-line TB diagnostic 

240 tool in Zambia where 24,140 Xpert tests were sent for suspected pulmonary TB in 2015, which 

241 increased to 163,470 sent in 2018 (Figure 2a). During this same period, the number of sputum 

242 AFB smear microscopy investigations decreased from 95,300 in 2015 to 25,323 in 2018. While 

243 there was a small decrease in the absolute number of pulmonary TB cases diagnosed and 

244 notified in 2018 compared to 2015 (31,272 vs. 33,452), the proportion of microbiologically-

245 confirmed TB cases that were notified during that period, substantially increased (56.0% [95CI, 

246 55.5-56.6] vs. 44.1% [95%CI, 43.6-44.7]; Figure 2a). The scale-up of Xpert testing between 

247 2015 and 2018 was also associated with a more than three-fold increase in the annual number 

248 of RR cases detected (627 vs. 196), and more than five-fold increase in the annual number of 

249 rifampicin resistant TB cases that were notified and started on appropriate TB treatment (509 

250 vs. 99; Figure 2b). During this period, there was corresponding reduction in the proportion of 

251 PTLTFU RR-TB cases from 49.5% in 2015 to 18.8% in 2018 (p<0.001).

252

253 TB Treatment Completion Trends from 2015 to 2018
254 Finally, we examined trends in the proportion of DS-TB patients who completed TB treatment 

255 once they were notified and initiated on therapy (Figure 3). Among new/relapse pulmonary TB 

256 cases, treatment completion rates steadily increased between 2015 and 2018 (86.2 vs. 90.3%, 
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257 p<0.001); potentially improved TB treatment outcomes were seen among both retreatment 

258 pulmonary TB cases (84.4% vs. 87.2%, p=0.06). From 2015 to 2018, the proportion of patients 

259 with extrapulmonary TB completing TB treatment also improved (80.6% vs. 87.8%, p<0.001). 

260 The proportion of HIV-positive patients completing TB therapy remained relatively unchanged 

261 (87.3% vs. 88.4%, p=0.001), while incremental improvements were seen among patients who 

262 had a negative or unknown HIV-status (82.4% vs. 91.8%, p<0.001) (Figure 3); in 2018, a slightly 

263 lower proportion of HIV-positive TB patients completed therapy compared to HIV-negative 

264 patients (difference 3.4%, p<0.001). Differences in treatment outcomes according to HIV-status 

265 were driven by a higher absolute number and proportion of cases that died or were LTFU during 

266 treatment among HIV-positive individuals compared to those who were HIV-negative 

267 (Supplementary Table 1).
268
269 Discussion
270
271 In this study we found that less than half of all TB cases in Zambia in 2018 were diagnosed with 

272 TB, initiated on TB treatment and completed therapy. We identified important losses at each 

273 step of the TB care cascade, however, we estimate that more than 40% of all individuals with 

274 TB in Zambia are not accessing microbiological TB testing. These results highlight important 

275 research and programmatic priorities for improving TB care and TB-related outcomes in Zambia.

276

277 This represents the third national TB care cascade that has been characterized from a high 

278 burden TB country and builds upon similar analyses from South Africa and India [8,9]. Our overall 

279 TB care cascade results are similar to those from both countries that found that only about 50% 

280 of all TB patients were progressing through all steps of the care cascade and completing TB 

281 treatment. In India the largest losses in the care cascade were among those who did not access 

282 TB testing (28% of all cases) [8], while in South Africa steady losses were seen prior to TB 

283 diagnosis (12% of all cases), prior to starting TB treatment (13% of all cases) and prior to 

284 successful completion of TB therapy (17% of all cases) [9]. In Zambia, 40% were estimated to 

285 have not accessed TB testing, while 4-5% of all TB cases were lost at each subsequent step of 

286 the care cascade. These differences highlight specific programmatic needs at different steps 

287 within the TB care cascade for each country and provides insight into the unique challenges that 

288 they each face.
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289

290 Our results are consistent with several TB prevalence surveys suggesting that a large proportion 

291 of individuals with TB face barriers to healthcare seeking, barriers to accessing microbiological 

292 TB testing, or both [26,27]. Unfortunately, we are not able to discern whether the estimated 40% 

293 gap in patients not accessing TB microbiological investigations is predominantly driven by (a) 

294 individuals who fundamentally lacked access to primary health and TB facilities, (b) individuals 

295 who either delayed or never presented to TB testing facilities for evaluation of their illness, or (c) 

296 is due to individuals who sought care at health facilities, but their illness was not suspected to 

297 be TB and thus they never had TB testing undertaken [28]. This has been shown to be a common 

298 problem in recent standardized patient studies conducted in Kenya [29], India [30] , and China 

299 [31]. In the last Zambian national TB prevalence survey conducted in from 2013 to 2014, only 

300 60% of previously undiagnosed TB cases were symptomatic, of which 50% had sought care for 

301 their illness at a health facility [12]. This suggests that both community-based and facility-based 

302 active TB case finding strategies, as well as training of healthcare providers to improve 

303 recognition of and testing for TB, are likely to be important to TB control activities in Zambia. 

304 Community-based active TB case finding may help overcome individuals’ barriers to health-

305 seeking and accessing TB services, possibly resulting in a greater absolute number of TB cases 

306 diagnosed and cases that are detected earlier [32,33]; when implemented broadly, this may 

307 reduce community TB prevalence [34]. However, effective and sustainable community-based 

308 active TB case finding strategies are not well-described and represent an urgent TB research 

309 need [27,35]. There is strong evidence demonstrating that facility-based, active TB case finding 

310 strategies are efficient and may yield a large number of cases that would otherwise have been 

311 missed, especially in high burden settings [36,37]. A recent implementation science study 

312 evaluating a multicomponent active TB case finding in a high burden primary health care facility 

313 in Lusaka, Zambia found that total TB notifications increased by 35% during the intervention 

314 period (from 247 to 394 cases per 100,000 population); of the total TB cases, 91.5% were from 

315 facility-based case finding interventions while 8.5% were from community-based case finding 

316 interventions [38].

317

318 We estimate that nearly 10% of individuals diagnosed with TB were lost from follow-up prior to 

319 initiation of TB treatment. Pre-treatment losses to follow-up are common in many high-burden 
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320 settings as demonstrated by a systematic review that found that 4-38% (weighted proportion 

321 18%) of TB patients in sub-Saharan Africa were lost at this step in the cascade [39]. This may 

322 be accounted for by patients who died prior to initiation of therapy – a common finding among 

323 such patients – and patients who cannot be traced after diagnosis either due to missing/incorrect 

324 contact information, or because they have moved away. However, pre-treatment loss-to-follow-

325 up estimates also fail to account for individuals who were in fact started on TB therapy, but were 

326 not officially registered and therefore never notified to the national TB program (NTP). Zambia’s 

327 NTP has recently completed a study to estimate the proportion of patients who are diagnosed 

328 but not notified as well as the proportion of those who are started on treatment but never 

329 reported. This study will yield improved estimates of pre-treatment loss-to-follow-up, which will 

330 allow for improved evaluations of programmatic changes that aim to improve TB diagnosis and 

331 linkage to TB treatment and care. 

332

333 We found that important progress has been made in Zambia with regard to microbiological TB 

334 diagnosis and TB treatment completion from 2015 to 2018. During this period there was a 

335 massive effort to scale-up the availability of Xpert MTB/RIF as the first-line TB diagnostic for all 

336 forms of TB. This was associated with a 12% increase in the proportion of TB cases that were 

337 microbiologically-confirmed (2,692 additional annual drug-susceptibility cases). Importantly, 

338 because Xpert also provides rapid simultaneous detection of rifampicin-resistance, its scale-up 

339 was also associated with a three-fold increase in RR-TB cases detected and a five-fold increase 

340 in the number of RR-TB cases that were notified and started on TB treatment.  Zambia is 

341 currently preparing to scale-up Xpert Ultra cartridges, which when paired with continued efforts 

342 to decentralize Xpert testing, should allow for further gains in the detection of HIV-associated 

343 TB, extra-pulmonary TB, and RR-TB [40]. There was also evidence of improved TB treatment 

344 completion rates for nearly all forms of TB between 2015 and 2018. While it is important to 

345 recognize progress that has been made, important gaps in the TB care continuum remain due 

346 to missed diagnoses and lack of treatment completion. Further efforts to expand access to 

347 microbiological TB testing and interventions to bolster TB treatment adherence and retention in 

348 care are needed [41].

349
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350 PLHIV accounted for more than 60% of TB cases and Zambia and that they were more likely to 

351 be lost at several steps of the cascade compared to HIV-negative individuals. This emphasizes 

352 the need for increased HIV-TB collaborative activities [42]. Due to non-specific clinical 

353 presentations and radiographic findings, one of the most important challenges to improving HIV-

354 associated TB outcomes remains TB diagnosis [43]. Non-specific symptoms may delay care-

355 seeking among PLHIV, and without systematic TB screening among PLHIV presenting to and 

356 in-care, the diagnosis of many TB cases may be further delayed or missed. Systematic screening 

357 for TB at each clinical presentation [44] must be coupled with access to improved microbiological 

358 diagnostic tools such as Xpert Ultra [45] and urine LAM [45,46] testing to facilitate rapid TB 

359 detection and TB treatment initiation in order to minimize pre-treatment loss-to and improve 

360 clinical outcomes. Compared to HIV-negative patients, HIV-positive patients were less likely to 

361 complete TB therapy, and TB treatment completion rates among PLHIV did not significantly 

362 change over a four-year period from 2015 to 2018. Previously, a study among PLHIV in Zambia 

363 found that a large number of individuals LTFU from HIV services had died and that programmatic 

364 mortality rates were substantially under-reported [47]; this suggests that mortality among PLHIV 

365 LTFU from TB treatment services is high and that TB-related mortality among PLHIV in Zambia 

366 is likely underestimated. The implementation of tailored interventions to improve adherence to 

367 TB treatment [41,48] as well as antiretroviral therapy [49] among this highly vulnerable 

368 population therapy are needed. 

369

370 Notably, we found that less than one quarter of rifampicin resistant TB cases in 2018 were 

371 detected, started on appropriate treatment and completed appropriate therapy. This was despite 

372 improved access to rapid drug susceptibility via the scale-up of Xpert MTB/RIF testing from 2015 

373 to 2018 and shorter and simplified drug-resistant TB regimens being introduced in 2018 [15]. 

374 The high rate of attrition of rifampicin-resistant TB patients throughout the care cascade argues 

375 for the need for specific investments in systems strengthening to improve drug resistant TB 

376 diagnosis and treatment in Zambia, mirroring this dire need in most high TB burden countries 

377 [4,27,50,51]. One important contributing factor to the large number of RR-TB patients not 

378 accessing DST is the high proportion of patients who are being diagnosed clinically and/or on 

379 the basis of radiological findings only – this accounted for approximately 44% of pulmonary TB 

380 cases in Zambia in 2018. Notably, the scale-up of Xpert testing between 2015 to 2018 was 
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381 associated with a more than 30% reduction in the proportion of RR-/MDR-TB cases that were 

382 lost-to-follow-up after diagnosis and prior to initiation of treatment – this is likely due to the 

383 substantially faster detection of rifampicin resistance compared to conventional culture-based 

384 methods. Collectively, this demonstrates the importance of continued efforts to expand access 

385 to Xpert testing in Zambia in order to facilitate confirmation of TB diagnoses coupled with rapid 

386 detection of rifampicin resistance. While the implementation of existing diagnostic tools as well 

387 as improved DR-TB treatment regimens must be optimized, there remains an urgent need for 

388 the development of rapid low-cost drug susceptibility testing (DST) that can be scaled-up to 

389 provide decentralized access to first and second-line DST aligned with current treatment 

390 recommendations [52], as well as continued progress towards shorter, less toxic, and more 

391 effective DR-TB treatment regimens [53]. Additionally, the last national drug resistance survey 

392 was conducted in 2008 [18]. An updated drug resistance survey is currently underway and will 

393 provide new estimates that will better guide programmatic priorities.

394

395 This study utilized a validated analysis method [7] incorporating a number of data sources to 

396 derive nationally representative estimates of the TB care cascade in Zambia, however there 

397 were some limitations. As with other published TB cascades analyses, there is uncertainty 

398 around the estimates, especially the overall number of TB cases. The total burden of TB was 

399 calculated using indirect estimates from modelling that were based upon case notification data 

400 and a prior national TB prevalence survey. We derived a conservative estimate of the total TB 

401 burden that accounted for missed cases from the prior year [9] and that therefore may be a more 

402 appropriate estimate than measurements of TB incidence, which are rarely feasible to directly 

403 estimate [54]. Due to a lack of a unique national patient identifier, we were unable to link 

404 individual patient outcomes as they progressed through the TB care cascade; where possible, 

405 we attempted to account for duplicate diagnostic and treatment data, which was uncommon. 

406 Implementation of a unique TB patient identifier, and an improved TB data surveillance program 

407 with enhanced data integration would greatly improve future estimates and allow for real time 

408 individual-level, facility-level, and sub-national-level data to inform program strengthening.  

409 Furthermore, this analysis utilizes data from public health facilities. The overall contribution of 

410 the private health sector to TB diagnosis and treatment in Zambia is estimated to be negligible; 

411 thus, this is not likely to substantially bias our estimates. Zambia’s NTP is currently endeavoring 
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412 to quantify the proportion of cases diagnosed and treated in the private sector and to improve 

413 private sector engagement. Finally, to our knowledge, there are no locally or regionally-

414 representative estimates of TB relapse rates after documented TB treatment completion. This is 

415 an important quality metric of individuals’ adherence to therapy as well as TB treatment programs 

416 and should be assessed in future research studies [7].

417

418 In conclusion, in 2018 only 45% of all TB cases in Zambia completed the TB care cascade, and 

419 most losses were among patients who never accessed TB testing. Additionally, only 22% of all 

420 RR-TB patients successfully completed appropriate TB treatment and HIV-positive patients had 

421 substantially worse TB outcomes compared HIV-negative patients. Our results suggest that 

422 continued systems-strengthening is required throughout the TB care continuum, however, 

423 implementation of active TB case finding strategies coupled with a renewed focus on those with 

424 rifampicin-resistance and PLHIV are urgently needed to improve TB-related outcomes and TB 

425 control in Zambia.
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585 Figure Legend
586
587 Figure 1. The tuberculosis care cascade in Zambia in 2018 among: (a) all tuberculosis cases; 
588 (b) drug-susceptible cases; (c) rifampicin-resistant cases; (d) drug-susceptible cases among 
589 HIV-positive individuals; (e) drug-susceptible cases among HIV-negative individuals.
590
591 Figure 2. Diagnoses and notifications of (a) all forms of drug-susceptible pulmonary 
592 tuberculosis in Zambia between 2015 and 2018, and (b) drug-resistant tuberculosis in Zambia 
593 between 2015 and 2018.
594
595 Figure 3. Overview of drug-susceptible tuberculosis treatment outcomes in Zambia between 
596 2015 and 2018, disaggregated according to tuberculosis-type. Shapes represent the 
597 proportion of patients completing tuberculosis treatment. 
598
599
600 Supporting information
601
602 Supplementary Appendix. Estimation methods and calculations used to derive the 
603 tuberculosis care cascade in Zambia in 2018.
604
605
606 Supplementary Table 1. Tuberculosis treatment outcomes in Zambia between 2015 and 2018 
607 according to HIV-status.
608

Page 24 of 40

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Table 1. Overview of the tuberculosis care cascade in Zambia in 2018 according to type of TB

Step 1. TB burden Step 2. Accessed 
tests Step 3. Diagnosed Step 4. Notified and 

treated
Step 5. Successfully 

treated
Cases, 
range

Proportion 
(%)

Cases, 
range

Proportion 
(%)

Cases, 
range

Proportion 
(%)

Cases, 
range

Proportion 
(%)

Cases, 
range

Proportion 
(%)

Overall 
TB 
Cascade

72,495 
(40,495- 
111,495)

100

43,387 
(95%CI: 
42,390-
44,710)

59.8 59.8

40,176 
(95%CI: 
40,128- 
40,212)

55.4 92.6 36,431 50.3 90.7

32,689
(95%CI: 
32,662-
32,713)

45.1 89.7

Rifampin-
resistant 
TB

1,740 
(486-
4,014)

100

910 
(95%CI: 

776-
1,093)

52.3 52.3 627 36.0 68.9 509 29.3 81.2

385
(95%CI: 

358-
409)

22.1 75.6

DS-TB, 
all

70,755 
(40,009-
107,481)

100

42,477 
(95%CI: 
41,614-
43,625)

60.0 60.0

39,549 
(95%CI: 
39,501-
39,585)

55.9 93.1 35,922 50.8 90.8 32,304 45.7 89.9

DS-TB, 
HIV-
positive

43,411 
(23,911-
65,911)

100

24,746
(95%CI: 
24,290-
25,349)

57.0 57.0

23,133
(95%CI: 
23,106-
23,154)

53.3 93.5

21,012
(95%CI: 
20,962-
21,064)

48.4 90.8

18,579
(95%CI: 
18,535-
18,625)

42.8 88.4

DS-TB, 
HIV-
negative

27,344 
(16,098-
41,570)

100

17,731
(95%CI: 
17,324-
18,276)

64.8 64.8

16,415 
(95%CI: 
16,395-
16,431)

60.0 92.6

14,910 
(95%CI: 
14,858-
14,960)

54.5 90.8

13,725 
(95%CI: 
13,679-
13,769)

50.2 92.1
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Table 2. Gap analysis of the tuberculosis care cascade in Zambia in 2018.

  Proportions are relative to the total number of TB cases lost throughout the care cascade. *For rifampicin resistant TB, either the TB    
diagnosis or the rifampicin resistance was missed.

Overall TB cases lost 
throughout the care 

cascade

Gap 1. Patient did 
not seek care at TB 
facility and/or have 

TB tests sent

Gap 2. TB tests 
sent, but TB 

missed*

Gap 3. TB diagnosed 
but patient not 
started on TB 

treatment and/or not 
notified

Gap 4. TB treatment 
started, but not 

completed

Cases, 
range

Proportion 
(%)

Cases, 
range

Proportion 
(%)

Cases, 
range

Proportion 
(%)

Cases, 
range

Proportion 
(%)

Cases, 
range

Proportion 
(%)

Overall 
TB 
Cascade

39,806
(7,833-
78,782)

100
29,108

(0-
66,777)

73.1

3,211
(95%CI: 
2,262-
4,506)

8.1

3,745
(95%CI: 
3,697-
3,781)

9.4

3,742
(95%CI: 
3,718- 
3,769)

9.4

Rifampin-
resistant 
TB

1,355 
(128-
3,605)

100
830
(0-

2,921)
61.3

283
(95%CI: 

149-
466)

20.9 118 8.7

124
(95%CI: 

100-
151)

9.2

Drug-
sensitive 
TB

38,451 
(40,009-
107,481)

100
28,278

(0-
63,856)

73.5

2,928
(95%CI: 
2,112-
4,040)

7.6

3,627
(95%CI: 
3,579-
3,663)

9.4 3,618 9.4

HIV-
positive, 
drug-
sensitive 
TB

24,832
(5,376-
47,286)

100
18,597

(0-
40,495)

75.2

1,613
(95%CI: 
1,185-
2,194)

6.5

2,121
(95%CI: 
2,094-
2,142)

8.5

2,379
(95%CI: 
2,337-
2,529)

9.8

HIV-
negative, 
drug-
sensitive 
TB

13,619
(2,419-
27,801)

100
10,939

(98-
24,620)

70.6

1,315
(95%CI: 

927-
1,846)

9.7

1,505
(95%CI: 
1,486-
1,520)

11.1

1,239
(95%CI: 
1,089-
1,281)

8.7
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Supplementary Table 1. Tuberculosis treatment outcomes in Zambia between 2015 and 2018 according to HIV-status. 
 
 HIV-positive HIV-negative or unknown HIV status 
 Total 

treatment 
cohort 

Completed 
treatment 

Failed 
treatment 

Died 
during 

treatment 

LTFU 
during 

treatment 

Not 
evaluated 

Total 
treatment 

cohort 

Completed 
treatment 

Failed 
treatment 

Died 
during 

treatment 

LTFU 
during 

treatment 

Not 
evaluated 

2015 20967 18312 
(87.3) 

71 
(0.3) 

1117 
(5.3) 

682 
(3.3) 

785 
(3.7) 20621 16986 

(82.4) 
102 
(0.5) 

1392 
(6.8) 

1168 
(5.7) 

973 
(4.7) 

2016 21655 18541 
(85.6) 

171 
(0.8) 

1354 
(6.3) 

705 
(3.3) 

884 
(4.1) 18498 16481 

(89.1) 
55 

(0.3) 
1058 
(5.7) 

486 
(2.6) 

418 
(2.3) 

2017 20362 17527 
(86.1) 

136 
(0.7) 

1622 
(8.0) 

731 
(3.6) 

346 
(1.7) 16841 15779 

(93.7) 
40 

(0.2) 
569 
(3.4) 

135 
(0.8) 

318 
(1.9) 

2018 19932 17624 
(88.4) 

113 
(0.6) 

1253 
(6.3) 

521 
(2.6) 

421 
(2.1) 15990 14680 

(91.8) 
46 

(0.3) 
745 
(4.7) 

342 
(2.1) 

177 
(1.1) 
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Supplementary Appendix. Estimation methods and calculations used to derive the 
tuberculosis care cascade in Zambia in 2018. 
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 2 

Table 1. Overall TB Care Cascade in Zambia in 2018 

Variable Cases, range Proportion 
(%) 

Estimation method Calculation 

Step 1. TB 
burden 72,495 (40,495- 111,495) 100 

WHO 2019 analysis of TB incidence 
in 2018 plus 50% of the number of 
undetected cases from 2017. 

• TB incidence, 2018 (all): 60,000 
• TB incidence, 2017 (all): 61,000 
• Case detection rate, 2017: 59.0%  
• Estimated undetected cases 2017: 

24,990  
• 50% of undetected cases who 

have not died/self-cured: 12,495 

Gap 1 29,108  
(0-66,777) 40.2 

Step 1 estimated cases minus Step 
2 estimated cases.  

Step 2. 
Accessed tests 

43,387  
(95%CI: 42,390-44,710) 59.8 

Add DS TB and RR TB cases 
tested (see below for estimates) 

• DS TB: 42,477 (95%CI: 41,614-
43,625) 

• RR TB: 910 (95%CI: 776-1,093) 

Gap 2 3,211  
(95%CI: 2,262-4,506) 4.4 

Step 2 estimated cases minus Step 
3 estimated cases.  

Step 3. 
Diagnosed 

40,176  
(95%CI: 40,128- 40,212) 55.4 

Add DS TB and RR cases 
diagnosed (see below for estimates) • DS TB: 39,549 (95%CI: 39,501-

39,585) 
• RR TB: 627 

Gap 3 3,745 
(95%CI: 3,697-3,781) 5.2 

Step 3 estimated cases minus Step 
4 estimated cases.  

Step 4. Notified 
and treated 36,431 50.3 

Add DS TB and RR cases 
notified and treated (see below for 
estimates) 

• DS TB: 35,922 
• RR TB: 509 

Gap 4 3,742 
(95%CI: 3,718-3,769) 5.2 

Step 4 estimated cases minus Step 
5 estimated cases.  

Step 5. 
Successfully 
treated 

32,689 
(95%CI: 32,662-32,713) 45.1 

Add DS TB and RR cases 
successfully treated (see below for 
estimates) 

• DS TB: 32,304 
• RR TB: 385 (95%CI: 358-409) 
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 3 

Table 2a. Drug-susceptible TB Care Cascade in Zambia in 2018 

Variable Cases, range Proportion 
(%) Estimation method Calculation 

Step 1. Overall 
TB burden 70,755 (40,009-107481) 100 

 
Overall TB burden minus DR TB cases. • TB burden: 72,495 (40,495- 

111,495) 
• RR cases: 1740 (486-4014) 

Gap 1 28,278 (0-63,856) 40.0 Step 1 estimated cases minus Step 2 
estimated cases.  

Step 2. 
Accessed tests 

42,477  
(95%CI: 41,614-43,625) 60.0 

Add the number of missed cases to the total 
number of DS TB cases diagnosed (step 3). 
 
Missed cases estimated based upon TB test 
sensitivity by HIV-status, corrected for the 
number of patients with negative TB tests 
who were empirically treated (Table 2b) 

• Number diagnosed:  39,549 (95%CI: 
39,501-39,585) 

• Number missed: 2,928 (95%CI: 
2,112-4,040) 

Gap 2 2,928  
(95%CI: 2,112-4,040) 4.1 

Step 2 estimated cases minus Step 3 
estimated cases.  

Step 3. 
Diagnosed with 

TB 

39,549  
(95%CI: 39,501-39,585) 55.9 

Back calculated from number of cases 
notified and proportion of patients lost-to-
follow-up prior to initiation of TB therapy. 
 
PTLTFU estimated based on difference 
between number of microbiologically 
confirmed DS PTB cases detected and 
number of microbiologically confirmed DS 
PTB cases notified (Table 2c) 

• PTLTFU estimate: = 9.2 (95%CI: 
9.1-9.3) 

• Number of patients notified in 2018: 
35,922 

Gap 3 3,627  
(95%CI: 3,579-3,663) 5.1 

Step 3 estimated cases minus Step 4 
estimated cases.  

Step 4. Notified 
and treated for 

TB 
35,922 50.8 Aggregated facility-level TB notification data 

• All patients with DS-TB who were 
notified and started on treatment 
(including new, relapse, treatment 
after failure, treatment after loss-to-
follow-up patients and other 
previously treated cases). 

Gap 4 3,618 5.1 Step 4 estimated cases minus Step 5 
estimated cases  

Step 5. 
Successfully 

treated for TB. 
32,304  45.7 Aggregated facility-level TB treatment 

outcomes data. 

• All patients with DS-TB who 
successfully completed TB therapy 
(including new, relapse, treatment 
after failure, treatment after loss-to-
follow-up patients and other 
previously treated cases). 

Page 33 of 40

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

 4 

 
 
 
Table 2b. Estimation method for determining number of patients with DS TB who accessed TB testing in 2018 

Variable HIV-positive HIV-negative Overall 

Total number of all microbiologically-
confirmed TB cases (who therefore 
underwent microbiological tests)1 

8,025 (PTB) + 320 (EPTB) 
= 8,345 

9,803 (PTB)+1,137 (EPTB) 
= 10,940 19,285 

Number of the above who underwent Xpert1 7,320 9,071 16,391 
Number who underwent smear1 1,025 1,869 2,894 

Proportion who underwent smear only 
(were smear-positive but Xpert either not 

done, or negative)2 
96.9% (95%CI: 95.6-98.0) 98.1% (95%CI: 97.1-98.8) 97.7%  

(95%CI:96.9-98.3) 

Number who underwent  
smear only 

1,025 x .969% (95%CI: .956-.980)  
= 993 (95%CI: 980-1,005) 

1,869 x .981% (95%CI: .971-.988) 
= 1,833 (95%CI: 1815-1,847) - 

Sensitivity of Xpert3 81% (95%CI 75-86) 88% (95%CI: 83-92) 85%  
(95%CI: 82-88) 

Cases missed by Xpert 7,320/ .81 (95%CI .75-.86) - 7,320 
= 1,717 (95CI: 1,192-2,440) 

9,071 /.88 (95%CI: .83-.92)- 9,071  
= 1,237 (95%CI: 789-1,858) 

2,594 
(95%CI: 1,980-4,298) 

Sensitivity of smear microscopy4,5 50% (95%CI:42-57) 76% (95%CI: 70-80) - 

Cases missed by smear 993/0.50 (95%CI:0.42-0.57)- 993 
 = 1,025 (95%CI: 773-1,415) 

1,833/0.76 (0.70-0.80)-1,833 
= 590 (95%CI: 467-801) 

1,615 
 (95%CI: 1,240-2,216) 

Total combined cases missed by Xpert and 
smear  2,472 (95CI: 1,965-3,855) 1,827 (95%CI: 1,256-2,659) 4,569  

(95%CI: 3,221-6,514) 
Proportion of patients who had a negative 

Xpert that were empirically treated2 30.6% (95%CI: 28.6-32.7) 22.7% (95%CI:19.8-25.9) 28.9  
(95%CI: 27.2-30.6) 

Negative Xpert / received empiric therapy 
1,717 (95CI: 1,192-2,440) x .306 

(95%CI: .286-.327) 
= 525 (95: 341-798) 

1,237 (95%CI: 789-1,858) x .227 
(95%CI:.198-259)  

= 281 (95%CI: 156-481) 
 

806  
(95%CI: 497-1,279) 
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Proportion of patients who had a negative 
smear that were empirically treated2 58.9% (95%CI: 56.8-61.0) 39.2% (95%CI: 36.9-41.4) 50.1  

(95%CI 48.5-51.6) 

Negative smear / received empiric therapy 
1,025 (95%CI: 773-1,415) x  

.589 (95%CI: .568-.610) 
= 604 (95%CI: 439-863) 

 590 (95%CI: 467-801) x 
.392% (95%CI: .369-.414) 
= 231 (95%CI: 172-332) 

835  
(95%CI: 612-1,195) 

 

Total cases that were negative by Xpert or 
smear that were empirically treated 1,129 (95%CI: 780-1,661) 529 (95%CI: 329-813) 1,641  

(95%CI: 1,109-2,474) 

Total Missed cases 
(Total number of cases missed by Xpert or 

smear minus those were empirically 
treated) 

1,613 (95%CI: 1,185-2,194) 1,315 (95%CI: 927-1,8460 2,928 
(95%CI: 2,112-4,040) 

1Exact value from national TB laboratory register, 2Estimate from: individual-level TB notification data from 4 provinces (unpublished), 3Esimate from: Horne DJ, Kohli M, 
Zifodya JS, et al. Xpert MTB/RIF and Xpert MTB/RIF Ultra for pulmonary tuberculosis and rifampicin resistance in adults. Cochrane Database Syst Rev. 2019 Jun 
7;6(6):CD009593.4Estimate from: Boehme CC, Nicol MP, Nabeta P, et al. Feasibility, diagnostic accuracy, and effectiveness of decentralised use of the Xpert MTB/RIF test 
for diagnosis of tuberculosis and multidrug resistance: a multicentre implementation study. Lancet 2011; 377:1495–505. 5Estimate from: Steingart KR, Henry M, Ng V, et al. 
Fluorescence versus conventional sputum smear microscopy for tuberculosis: a systematic review. Lancet Infect Dis 2006;6:570–81. 
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Table 2c. Estimation method for determining proportion of patients with pre-treatment lost-to-follow-up. 

Variable Overall 

Unadjusted number of microbiologically-confirmed pulmonary TB 
cases1 19,285 (16,391 Xpert and 2,894 smear) 

Proportion of patients with positive smear who also have a positive 
Xpert result2 2.3% (95%CI 1.7-3.1) 

Number of patients with positive smear who also have a positive 
Xpert result2 

2,894 x .023% (95%CI .017-.031) 
 = 67 (95%CI: 49-90) 

Adjusted number of microbiologically-confirmed PTB cases 
 

(2,894 - 67 (95%CI: 49-90)) +  
19,218 (95%CI: 19,195-19,236) 

Number of patients with microbiologically-confirmed pulmonary TB 
notified in 20183 17,456 

Proportion of all patients with microbiologically-confirmed TB who 
were registered and started TB treatment 90.8 (95%CI: 90.7-90.9) 

Pre-treatment lost-to-follow-up (PTLTFU) estimate:  100% - 90.8 (95%CI: 90.7-90.9) 
= 9.2% (95%CI: 9.1-9.3) 

1Exact value from nationally aggregated TB laboratory register, 2Estimate from: individual-level TB notification data from 4 provinces (unpublished).3Exact value from 
nationally aggregated TB notification register 
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Table 3. Rifampicin resistant TB Care Cascade in Zambia in 2018 
Variable Cases, range Proportion (%) Estimation method Calculation 

Step 1. Overall 
TB burden 1,740 (486-4,014) 100 

Overall TB burden multiplied by 
estimated proportion of cases with 
rifampicin resistance. 

• TB burden: 72,495 (40,495-111,495) 
• Overall estimate of RR TB: 2.4% (95CI: 1.2-3.6)1 

Gap 1 830 (range, 0-2,921) 47.7 
Step 1 estimated cases minus Step 
2 estimated cases.  

Step 2. 
Accessed tests 

910  
(95%CI: 776-1,093) 52.3 

Back calculated from RR 
tuberculosis cases diagnosed on 
the basis of cases bacteriologically 
diagnosed, by test type and test 
sensitivity 

• RR TB cases diagnosed: 627 
• RR TB cases missed: 283 

Gap 2 283  
(95%CI: 149-466) 16.3 

Step 2 estimated cases minus Step 
3 estimated cases.  

Step 3. 
Diagnosed with 
TB 

627 36.0 Aggregated facility-level TB 
laboratory data • All patients with microbiologically-confirmed RR-TB  

Gap 3 118 6.8 Step 3 estimated cases minus Step 
4 estimated cases  

Step 4. Notified 
and treated for 
TB 

509 25.3 Aggregated facility-level TB 
notification data 

• All patients with RR-TB who were notified and started 
on treatment.  

Gap 4 124 
(95%CI: 100-151) 7.1 Step 4 estimated cases minus Step 

5 estimated cases  

Step 5. 
Successfully 
treated for TB 

385 
(95%CI: 358-409) 22.1 

Add the facility-level short-course 
RR-TB treatment outcomes data 
(number successfully treated) 
adjusted for proportion of patients 
who were not evaluated to the 
number of RR TB who completed a 
traditional, long-course regimen* 
 
*Proportion of RR TB cases notified 
that were successfully treated using 
a long-course regimen extrapolated 
from 2017 estimates. 

• Number of RR TB cases notified in 2018 that were 
started on a short-course regimen: 322 

• Proportion of RR TB patients receiving a short-course 
regimen who were evaluated and completed 
treatment in 2018: 75.7% (95%CI: 70.6-80.4) 

• Number of RR TB cases notified in 2018 that were 
started on a long-course regimen: 187 

• Proportion cured and completed treatment in 2017: 
75.4% (95% CI: 69.8-80.4) 

1 Estimate derived from: Kapata N, Mbulo G, Cobelens F, et al. The Second Zambian National Tuberculosis Drug Resistance survey - a comparison of conventional and 
molecular methods. Trop Med Int Health. 2015;20(11):1492‐1500. This is the most recent Zambia national drug resistance survey. A higher estimate utilizing MDR-TB Plus 
chosen because it more closely coincides with current WHO estimates. 
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Table 3b. Estimation method for determining number of patients with RR TB who accessed TB testing in 2018 

Variable HIV-positive HIV-negative Overall, No 

Number of laboratory-confirmed RR-
cases - - 627 

Proportion of RR-TB patients notified 
in 2018, by HIV-status.1 59.1% (95CI: 54.6-63.6) 40.9% (95%CI: 36.4-45.4) - 

Number of RR-TB patients 
diagnosed in 2018, by HIV-status 

627 x 59.1% (95CI: 54.6-63.6) 
= 371 (95%CI: 342-399) 

627 x 40.9% (95%CI: 36.4-45.4) 
= 256 (95%CI: 228-285) 627 

Number of RR-cases detected by 
Xpert - - 372 

Number of RR-cases detected by 
Xpert, by HIV-status 

372 x 59.1% (95CI: 54.6-63.6) 
= 220 (95%CI: 203-237) 

372 x 40.9% (95%CI: 36.4-45.4) 
= 152 (95%CI: 135-169) 372 

Combined sensitivity of Xpert for Rif-
Resistance, by HIV status2 

• Sensitivity of Xpert for TB: 81% (95%CI: 
75% to 86%) 

• Sensitivity of Xpert for RIF-resistance: 96% 
(94% to 97%)  

• Overall sensitivity for RR-TB: 
77.8% (95%CI 70.5-83.4) 

 

• Sensitivity of Xpert for TB: 88% (95%CI: 
83% to 92%) 

• Sensitivity of Xpert for RIF-resistance: 96% 
(94% to 97%)  

• Overall sensitivity for RIF-resist TB: 
84.5% (95%CI 78.0-89.2) 

 

- 

RR-cases missed by Xpert 220 (95%CI: 203-237)/ .778 (95%CI .705-
.834) – 220 = 63 (95%CI: 24-116) 

152 (95%CI: 135-169)/ .845 (95%CI .780-
.892) – 152 = 28 (95%CI: 0-64) 91 (95%CI: 23-180) 

Number of RR-cases detected by 
MDR-TB plus - - 135 

Number of RR-cases detected by 
MDR-TB plus, by HIV-status 

135 x 59.1% (95CI: 54.6-63.6) 
= 80 (95%CI: 74-86) 

135 x 40.9% (95%CI: 36.4-45.4 
= 55 (95%CI: 49-61) 135 

Combined sensitivity of MDR-TB 
plus*3 

• Sensitivity of smear for TB: 50% 
(95%CI:42-57) 

• Sensitivity of culture for smear-positive TB: 
100% 

• Sensitivity of MDR-TB plus: 96.9% 
(95CI%:95.5-98.0) 

• Overall sensitivity for RR-TB: 48.5% 
(95%CI: 40.1-55.9) 

• Sensitivity of smear for TB: 76% (95%CI: 
70-80) 

• Sensitivity of culture for smear-positive TB: 
100% 

• Sensitivity of MDR-TB plus: 96.9% 
(95CI%:95.5-98.0) 

• Overall sensitivity for RR-TB: 73.6% 
(95%CI: 66.9-78.4) 

- 

RR-cases missed by MDR-TB plus 80 (95%CI: 74-86) /.485 (95%CI: .401-
.559) - 80 = 85 (95%CI: 52-134) 

55 (95%CI: 49-61) / .736 (95%CI: .669-
.784) - 55 = 20 (95%CI: 7-36) 105 (95%CI: 59-171) 
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Number of RR-cases detected by 
liquid culture (MGIT 960)*4   120 

Number of RR-cases detected by 
liquid culture (MGIT 960)*4, by HIV-

status 
120 x 59.1% (95CI: 54.6-63.6) 

= 71 (95%CI: 66-76) 
120 x 40.9% (95%CI: 36.4-45.4 

= 49 (95%CI: 44-54) 120 

Combined sensitivity of liquid culture 

• Sensitivity of smear for TB: 50% 
(95%CI:42-57) 

• Sensitivity of culture for smear-positive TB: 
100% 

• Sensitivity of liquid culture for RR-TB: 
99.2% (95%CI: 95.9-100) 

• Overall sensitivity for RR-TB: 49.6% (40.3-
57.0) 

• Sensitivity of smear for TB: 50% 
(95%CI:42-57) 

• Sensitivity of culture for smear-positive TB: 
100% 

• Sensitivity of liquid culture for RR-TB: 
99.2% (95%CI: 95.9-100) 

• Overall sensitivity for RR-TB: 75.4 (95%CI: 
67.1-80.0) 

- 

RR-cases missed by liquid culture 
71 (95%CI: 66-76) / .496 (95%CI: .403-.570) 

– 71  
= 72 (95%CI: 61-83) 

43 (95%CI: 49-54) / .754 (95%CI: .671-.800) 
– 43   

= 16 (95%CI: 6-32) 
88 (95%CI: 67-115) 

Total microbiologically-missed cases 63 (95%CI: 24-116) + 85 (95%CI: 52-134) + 
72 (95%CI: 61-83) = 220 (95%CI: 137-333) 

28 (95%CI: 0-64) + 20 (95%CI: 7-36) + 16 
(95%CI: 6-32) = 64 (95%CI: 13-133) 283 (95%CI: 149-466) 

Received empiric therapy* 0 0 0 
Total Missed cases 220 (95%CI: 137-333) 64 (95%CI: 13-133) 283 (95%CI: 149-466) 

1Exact value from national TB laboratory register. 2Estimate from: Horne DJ, Kohli M, Zifodya JS, et al. Xpert MTB/RIF and Xpert MTB/RIF Ultra for pulmonary tuberculosis 
and rifampicin resistance in adults. Cochrane Database Syst Rev. 2019 Jun 7;6(6):CD009593. 3Estimated derived from: WHO. The use of molecular line probe assays for 
the detection of resistance to isoniazid and rifampicin. Geneva: WHO; 2016. Available at: https://apps.who.int/iris/bitstream/handle/10665/250586/9789241511261-
eng.pdf?sequence=1, 4Estimated derived from: Tortoli E, Benedetti M, Fontanelli A, Simonetti MT. Evaluation of automated BACTEC MGIT 960 system for testing 
susceptibility of Mycobacterium tuberculosis to four major antituberculous drugs: comparison with the radiometric BACTEC 460TB method and the agar plate method of 
proportion. J Clin Microbiol. 2002;40(2):607‐610.  
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Table 4. Drug-susceptible TB Care Cascade among HIV-positive individuals in Zambia in 2018 
 
  

Variable Cases, range Proportion (%), range Estimation method Calculation 

Step 1. Overall TB 
burden 43,411 (23,911-65,911) 100 

WHO 2019 analysis of TB 
incidence in 2017 plus 50% of the 
number of undetected cases from 
2018. 

• TB incidence, 2018 (all): 36,000 
(range, 23,000-51,000) 

• TB incidence, 2017 (all): 36,000 
(range, 23,000-51,000) 

• Case detection rate, 2017: 
58.8% (range, 41.5-92.1) 

• Estimated undetected cases 
2017: 14,822 (range, 1,822-
29,822) 

• 50% of undetected cases who 
have not died/self-cured: 7,411 
(range, 911-14,911) 

Gap 1 18,597 (0-40,495) 43.0 Step 1 estimated cases minus 
Step 2 estimated cases.  

Step 2. Accessed 
tests 

24,746 
(95%CI: 24,290-25,349) 57.0 

Add the number of missed cases 
to the total number of DS TB 
cases diagnosed (step 3). 

• Number diagnosed: 23,133 
(95CI: 23,106-23,154) 

• Number missed (table 2b): 
1,613 (95%CI: 1,185-2,194) 

Gap 2 1,613  
(95%CI: 1,185-2,194) 3.7 Step 2 estimated cases minus 

Step 3 estimated cases.  

Step 3. Diagnosed 
with TB 

23,133 
(95%CI: 23,106-23,154) 53.3 

Back calculated from number of 
cases notified and proportion of 
patients lost-to-follow-up prior to 
initiation of TB therapy (PTLTFU) 
[table 2c]; [assumed to be the 
same independent of HIV-status]. 

• PTLTFU estimate: 9.2% 
(95%CI: 9.1-9.3) 

• Number of HIV-positive 
patients notified in 2018: 
21,012 (95%CI: 20,962-21,064) 

Gap 3 2,121  
(95%CI: 2,094-2,142) 4.9 Step 3 estimated cases minus 

Step 4 estimated cases.  

Step 4. Notified 
and treated for TB 

21,012 
(95%CI: 20,962-21,064) 48.4 

Aggregated facility-level TB 
notification data adjusted for 
proportion of patients without an 
HIV test. 

• DS TB: 19,332 
• Proportion of all notified 

patients who had an HIV test: 
94.9% (95%CI: 94.6-95.1) 

Gap 4 2,433 
(95%CI: 2,337-2,529) 5.6 Step 4 estimated cases minus 

Step 5 estimated cases.  

Step 5. 
Successfully 
treated for TB 

18,579 
(95%CI: 18,535-18,625) 42.8 

Aggregated facility-level TB 
treatment outcomes data (number 
successfully treated) adjusted for 
proportion of patients without an 
HIV test. 

• DS TB: 17,624 
• Proportion of all notified 

patients who had an HIV test: 
94.9% (95%CI: 94.6-95.1) 
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Table 5. Drug-susceptible TB Care Cascade among HIV-negative individuals in Zambia in 2018 
Variable Cases, range Proportion (%) Estimation method Calculation 

Step 1. Overall 
TB burden 

27,344  
(16,098-41,570) 100 

Total number of DS TB cases 
minus number of DS TB cases 
among HIV-positive individuals 

• Number of DS TB cases: 
70,755 (range, 40,009-
107,481) 

• Number of HIV-positive DS TB 
cases: 43,411 (23,911-65,911) 

Gap 1 10,939 (98-24,620) 35.2 Step 1 estimated cases minus 
Step 2 estimated cases.  

Step 2. 
Accessed tests 

17,731 
(95%CI: 17,324-18,276) 64.8 

Total number of DS TB cases who 
accesses TB tests minus the 
number of DS TB cases who 
accessed TB tests among HIV-
positive individuals  

• Number of DS TB cases that 
accessed tests: 42,477  
(95%CI: 41,614-43,625) 

• Number of HIV-positive DS TB 
cases diagnosed: 24,746 
(95%CI: 24,290-25,349) 

Gap 2 1,315  
(95%CI: 927-1,846) 4.8 Step 2 estimated cases minus 

Step 3 estimated cases.  

Step 3. 
Diagnosed with 
TB 

16,415  
(95%CI: 16,395-16,431) 60.0 

Total number of DS TB cases 
diagnosed minus the number of 
DS TB cases diagnosed among 
HIV-positive individuals  

• Number of DS TB cases 
diagnosed: 39,549  
(95%CI: 39,501-39,585) 

• Number of HIV-positive DS TB 
cases diagnosed: 23,133 
(95%CI: 23,106-23,154) 

Gap 3 1,505 
(95%CI: 1,486-1,520) 5.5 Step 3 estimated cases minus 

Step 4 estimated cases.  

Step 4. Notified 
and treated for 
TB 

14,910  
(95%CI: 14,858-14,960) 54.5 

Total number of DS TB cases 
notified minus the number of DS 
TB cases among HIV-positive 
individuals notified 

• Number of DS TB cases 
notified: 35,922 

• Number of HIV-positive DS TB 
cases notified: 21,012 (95%CI: 
20,962-21,064) 

Gap 4 1,185 
(95%CI: 1,089-1,281) 4.3 Step 4 estimated cases minus 

Step 5 estimated cases.  

Step 5. 
Successfully 
treated for TB 

13,725 
(95%CI: 13,679-13,769) 50.2 

Total number of DS TB cases 
successfully treated minus the 
number of DS TB cases among 
HIV-positive individuals 
successfully treated 

• Number of DS TB cases 
treated:  32,304 

• Number of HIV-positive DS TB 
cases treated: 18,633 
(95%CI: 18,535-18,725) 
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2 Abstract 
3

4 Objectives: Tuberculosis (TB) remains a leading cause of morbidity and mortality in Zambia, 

5 especially for people living with HIV (PLHIV). We undertook a care cascade analysis to quantify  

6 gaps in care and align program improvement measures with areas of need.

7 Design: Retrospective population-based study.

8 Setting: We derived national-level estimates for each step of the TB care cascade in Zambia. 

9 Estimates were informed by WHO incidence estimates, nationally aggregated laboratory and 

10 notification registers, and individual-level program data from four provinces. 

11 Participants: All individuals with active TB disease in Zambia in 2018. We characterized the 

12 overall TB cascade as well as disaggregated by drug-susceptibility results and HIV status. 

13 Results: In 2018, the total burden of TB in Zambia was estimated to be 72,495 (range, 40,495-

14 111,495) cases. Of these, 43,387 (59.8%) accessed TB testing, 40,176 (55.4%) were diagnosed 

15 with TB, 36,431 (50.3%) were started on treatment and 32,700 (45.1%) completed treatment. 

16 Among those who did not complete the care cascade, 73.1% were lost prior to accessing 

17 diagnostic services, 8.1% prior to diagnosis, 9.4% prior to initiating treatment and 9.4% prior to 

18 treatment completion. PLHIV were less likely than HIV-negative individuals to successfully 

19 complete the care cascade (42.8% vs. 50.2%;p<0.001). Among those with rifampicin-resistant 

20 TB, there was substantial attrition at each step of the cascade and only 22.8% were estimated 

21 to have successfully completed treatment. 

22 Conclusions: Losses throughout the care cascade resulted in a large proportion of individuals 

23 with TB not successfully completing treatment. Ongoing health systems strengthening and 

24 patient-centered engagement strategies are needed at every step of the care cascade; however, 

25 scale-up of active case finding strategies is particularly critical to ensure individuals with TB in 

26 the population reach initial stages of care. Additionally, a renewed focus on PLHIV and 

27 individuals with drug-resistant TB is urgently needed to improve TB-related outcomes in Zambia.
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28 Strengths and limitations of this study

29  The national tuberculosis (TB) care cascade for Zambia in 2018 was characterized in order 

30 to identify gaps in care.

31  The TB care cascade was constructed for all TB patients as well as according to drug-

32 susceptibility result and HIV status. 

33  The analysis was informed by a published set of methodologies and utilized several data 

34 sources to derive estimates.

35  Enhanced TB surveillance programs, including the use of unique TB patient identifiers, 

36 would allow for real-time monitoring and improved estimates to inform programmatic 

37 strengthening.
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38 Background
39 The WHO End TB strategy aims to reduce tuberculosis (TB) incidence by 90% and TB-related 

40 deaths by 95% between 2015 and 2035 [1]. While many high burden countries in sub-Saharan 

41 Africa, including Zambia, have demonstrated large reductions in new TB cases and associated 

42 mortality, there remains significant need for improved TB care delivery [2]. TB remains a leading 

43 cause of morbidity and mortality in Zambia, especially among people living with HIV (PLHIV) 

44 [3,4]. In 2019, there were approximately 59,000 new individuals with active TB disease in Zambia 

45 (incidence rate 333 individuals with TB per 100,000 people) that resulted in 15,400 TB-related 

46 deaths, of which 62% were among PLHIV [4]. 

47

48 The HIV “cascade of care” is a public health model that outlines the key engagement steps 

49 required for PLHIV to ultimately achieve an undetectable viral load. This model has been widely 

50 applied by HIV programs globally to inform and strengthen HIV care and delivery and ultimately, 

51 significantly increase the number of PLHIV who know their HIV status, are started on ART and 

52 have suppressed viral loads [5]. Similarly, a national TB care cascade can provide key insights 

53 to identify and quantify gaps in the diagnosis and care of TB patients that could then help guide 

54 programmatic and research priorities by aligning limited resources with the areas of greatest 

55 need [6,7]. However, to-date, only three high burden TB countries - South Africa, India, and 

56 Madagascar - have undertaken and published national-level TB care cascade analyses [8–10].

57

58 We sought to construct a national TB cascade of care for Zambia to evaluate care delivery for 

59 individuals with active TB disease through enumeration of gaps in the overall care cascade in 

60 2018 as well as disaggregated by rifampicin susceptibility results and HIV status. Estimates were 

61 derived using multiple data sources and the overall approach was informed by a recently 

62 published methodology for constructing TB care cascades [7].

63

64 Methods
65

66 Setting

67 Zambia has an estimated population of 18,400,000 people [11]. It has a high prevalence of HIV 

68 (11.5% among adults aged 15-49 years old), and it is estimated that at least 1.2 million persons 
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69 are living with HIV [12]. TB is a major public health problem in Zambia [3]; during the last national 

70 TB prevalence survey conducted in 2013 and 2014, the prevalence of microbiologically-

71 confirmed TB was estimated to be 638 per 100,000 persons and was five-times higher among 

72 HIV-positive individuals compared to HIV-negative individuals [13].  

73

74 Testing and treatment for TB is almost universally provided within Zambia’s public health system. 

75 While exact estimates are not available, likely <1% of all individuals with TB are detected and 

76 managed within Zambia’s private sector and the large majority are reported to Zambia’s National 

77 TB Program (NTP) – this assumption is informed by a national data quality audit conducted in 

78 2019 (unpublished). Within the public health sector, the direct costs of all TB diagnostics and 

79 treatment are provided free of charge. In 2018, Xpert MTB/RIF was the recommended first-line 

80 diagnostic for all individuals undergoing evaluation for possible TB (pulmonary or extra-

81 pulmonary) in Zambia as well as initial drug-susceptibility testing (DST) [14]; however, it was not 

82 universally available at all facilities, in which case routine TB investigations included acid fast 

83 bacilli (AFB) fluorescence or Ziehl-Neelsen microscopy and chest radiography, where available. 

84 Among those with confirmed rifampicin-resistant (RR) or multidrug-resistant (MDR) TB, it was 

85 recommended that either liquid culture or a molecular line probe assay should be used as follow-

86 on tests for further DST [14]. First line TB treatment was provided to all patients without evidence 

87 of rifampicin-resistance and consisted of isoniazid, rifampicin, ethambutol and pyrazinamide for 

88 6-9 months in conformity with WHO recommendations [15]. In 2018, Zambia began scaling up 

89 shorter treatment regimens comprised of new and repurposed TB drugs for 9-12 months for 

90 eligible RR- and MDR-TB patients – this accounted for the majority of patients [16,17]; however, 

91 some patients still received longer MDR-TB treatment regimens comprised of several TB drugs, 

92 including an injectable agent, for at least 20 months. 

93

94 In Zambia, all patients diagnosed with TB are notified in a paper-based register and initiated on 

95 TB therapy at the corresponding TB treatment facility, which is also responsible for 

96 documentation of the treatment outcome of the patient. Data on diagnostic outcomes (laboratory 

97 register), notifications and treatment outcomes (notification register) are aggregated from each 

98 facility through the district office to the provincial level and then the national level on a monthly 

99 basis.
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100 Ethics
101 Because this was a retrospective, population-level analysis without the use of any patient 

102 identifiers, the University of Zambia Biomedical Research Ethics Committee determined that this 

103 study met the criteria for exempt-status.

104

105 Patient and public involvement 
106 Patients and the public were not involved in the design and conduct of this analysis. However, 

107 there are plans to disseminate the findings to TB communities through TB stakeholder meetings 

108 with neighborhood health committees, which includes former TB patients and other community 

109 TB advocates.

110

111 TB Cascade Data Sources
112 Several data sources were used to inform estimates within each of the five steps of the care 

113 cascade (Table 1, Supplementary Appendix). To inform estimates of the overall burden of TB 

114 in Zambia in 2018 (Step 1), WHO estimates of TB incidence from 2018 and 2017 were utilized 
115 [2,18–20]. The proportion of total individuals with TB estimated to be rifampicin-resistant was 

116 derived using estimates from the most recent national survey of TB drug resistance in Zambia 

117 [21]; this source was chosen in order to ground estimates of RR-TB in empiric data, however, 

118 higher-end estimates from the latest Zambian national survey of TB drug resistance in 2008 

119 were used to more closely align with WHO incidence estimates for RR-TB in 2018. Diagnostic 

120 outcomes (Steps 2 and 3) were informed by a nationally aggregated database of TB diagnostics 

121 from 2018, which includes the number and type of investigations (Xpert or smear microscopy) 

122 and the number of TB patients detected according to type of TB investigation and HIV status. All 

123 treatment outcomes (Steps 4 and 5) were informed by a nationally aggregated TB treatment 

124 register from 2018. 

125

126 Individual level programmatic data from four Zambian Provinces (Eastern, Lusaka, Southern, 

127 Western) regarding all patients investigated for TB and those started on treatment between 

128 January 1st and December 31st 2017 (n=43,896, n=11,814, respectively) was used to determine: 

129 (a) the proportion of patients who had both positive Xpert and smear microscopy results as well 

130 as (b) the proportion of patients who were Xpert or smear-negative, but received empirical TB 
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131 therapy. This helped to further refine estimates for Steps 2 and 3 by accounting for and removing 

132 duplicate patients (Supplementary Appendix). Patient-level data was only available from 4 out 

133 of 10 provinces; however, they account for nearly 60% of Zambia’s national TB notifications and 

134 the range of socioeconomic characteristics of individuals as well as their access to healthcare 

135 services are representative of the other 6 provinces [22,23]. Unfortunately, robust data from 

136 2018 to inform these estimates were unavailable – thus, we utilized 2017 data because it was 

137 well-characterized and temporally close to the year for which we sought to characterize the TB 

138 care cascade.

139

140 Diagnostic sensitivity estimates of Xpert [24] and smear microscopy [25,26] for the detection of 

141 TB stratified according to HIV status, as well as Xpert [24], molecular line probe assays [27] and 

142 liquid culture [28] for rifampicin-resistance were informed by previously published systematic 

143 reviews and meta-analyses. 

144

145 TB Cascade Estimation Methods
146 We calculated national-level estimates for each step of the TB care cascade in Zambia in 2018 

147 (Table 1, Supplementary Appendix). This included: Step 1: The total burden of active TB 

148 disease (individuals with prevalent TB in 2018); Step 2: the total number of individuals with TB 

149 who accessed TB testing; Step 3: the total number who were diagnosed with TB; Step 4: the 

150 total number who were notified and started on TB treatment; Step 5: the total number who 

151 successfully completed TB treatment. Each step of the cascade as well as the overall TB care 

152 cascade was calculated among: all patients and disaggregated according to rifampicin-

153 resistance result (RR-TB and drug-susceptible TB [DS-TB]) and, among those with drug-

154 susceptible (DS) TB, by HIV status. Rifampicin resistant TB was defined as the detection of 

155 rifampicin resistance on any clinical specimen using Xpert, molecular line probe assay or liquid 

156 culture; this definition therefore encompassed all patients with MDR-TB and extensively drug 

157 resistant TB (XDR-TB). DS-TB was defined as any TB case without known rifampicin resistance; 

158 thus, there is a possibility that patients with other forms of drug-resistance, including isoniazid 

159 monoresistance may have been included in this definition. However, unless rifampicin resistance 

160 is detected, TB drug susceptibility testing is not routinely performed in Zambia – this reflects the 

161 clinical reality of many high burden TB settings and conforms with WHO recommendations 
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162

163 The approach to all estimates followed recommendations outlined in a published set of methods 

164 for constructing national-level TB care cascades [7]. An overview of the approach used to 

165 calculate each step of the TB care cascade is summarized in Table 1 and is described in brief 

166 below; however, a highly detailed summary of all assumptions, calculations, estimates, and data 

167 sources is summarized in the Supplementary Appendix. 

168

169 We first started with Step 4 (the total number of patients who were notified and started on TB 

170 treatment - including new, relapse, treatment after failure, treatment after loss-to-follow-up 

171 patients and other previously treated individuals [29]) and Step 5 (the total number who 

172 successfully completed TB treatment), which were both directly informed by exact values from 

173 aggregated facility-level notification data. Step 3 (the total number who were diagnosed with TB) 

174 was then back calculated from the number of individuals notified (Step 4) and the proportion of 

175 patients who were estimated to have been lost-to-follow-up prior to initiation of TB therapy (pre-

176 treatment loss-to-follow-up [PTLTFU]), which was informed by aggregated facility-level 

177 laboratory data. Step 2 (the total number of individuals with TB who accessed TB testing) was 

178 calculated by adding the number of individuals with TB who would not have been 

179 microbiologically diagnosed due to the incomplete sensitivity of TB diagnostic tests (based upon 

180 published reports), corrected for the number of test-negative TB patients who were empirically 

181 diagnosed, to the number of total TB patients diagnosed (Step 3). The overall approach for Steps 

182 2-5 was similar for both DS-TB and RR-TB (Table 1 and Supplementary Appendix). The 

183 overall TB burden (all forms) was estimated using the WHO TB incidence estimate for 2018, 

184 plus 50% of the number all individuals with TB that remained undiagnosed in 2017; a 50% 

185 estimate has previously been utilized and assumed that the remaining 50% of undiagnosed 

186 individuals with TB in 2017 either self-cured or died [9,30]. To determine the total number of 

187 individuals with rifampicin resistant TB (Step 1), we multiplied the overall TB burden by the 

188 proportion of all patients who had rifampicin resistance detected during the Zambian national 

189 drug resistance survey [21]. The total number of individuals with DS-TB was calculated using 

190 the total TB burden minus the number of RR-TB cases. 

191
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192 All “gaps” between each step were calculated by taking the difference in the total number of 

193 individuals with TB and the uncertainty estimate (either 95% confidence intervals or range) 

194 between the succeeding and proceeding step. All TB care cascades were depicted graphically 

195 using bar charts representing the absolute number of cases and associated uncertainty 

196 measurement (if applicable). For each step of each cascade, proportions relative the total TB 

197 burden (Step 1) as well as relative to the prior step were calculated. It should be noted that 

198 several steps of the cascade utilized exact numbers from aggregated facility-level programmatic 

199 data (steps 3, 4, and 5); for the purposes of these analyses, data were assumed to be accurate 

200 and complete; however, such data may be incompletely recorded and a small proportion may 

201 be entered incorrectly - estimates of uncertainty around exact values from programmatic data 

202 were unavailable. Furthermore, unique patient identifiers are not available within Zambia’s NTP 

203 and thus this analysis does not present a cohort of individuals that were tracked through each 

204 step of the TB care cascade; while we assumed for the purposes of this analysis that the same 

205 patients were being characterized at each step of the cascade, one cannot exclude the possibility 

206 that different individuals are being captured at different steps of the care cascade.

207

208 Evaluating Diagnostic and Treatment Outcomes
209 To understand any progress that may have underpinned the 2018 TB care cascade, we also 

210 evaluated TB diagnostic and treatment completion trends from 2015 to 2018.  Using facility-level 

211 aggregated laboratory data, we plotted (a) the total number of sputum Xpert tests undertaken 

212 each year against the total number of pulmonary TB cases diagnosed each year, including the 

213 proportion that was microbiologically confirmed as well as (b) the total number of Xpert tests 

214 undertaken (on any specimen) each year against the total number of RR-TB cases diagnosed 

215 and notified each year. We also plotted the proportion (and corresponding 95% confidence 

216 interval) of TB patients each year who started TB treatment that successfully completed it, 

217 disaggregated according to TB type: (1) new/relapse pulmonary TB – overall (2) HIV-positive 

218 new/relapse pulmonary TB, (3) HIV-negative new/relapse pulmonary TB, (4) retreatment TB not 

219 including individuals who experienced relapse, and (5) extra-pulmonary TB. 

220

221
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222 Results
223

224 Overall National TB Care Cascade for 2018
225 In 2018, the overall burden of TB in Zambia was estimated to comprise 72,495 individuals with 

226 TB (range: 40,495-111,495; Table 2; Figure 1a). Of the total burden of individuals with TB, 

227 43,387 (range, 42,390-44,710; 59.8%) were estimated to have sought care for their TB illness 

228 and undergone microbiologic TB testing. Among these individuals 40,176 (range, 40,128-

229 40,212; proportion of total TB burden - 55.4%) were diagnosed with TB, 36,431 (exact value; 

230 proportion of total TB burden – 50.3%) were notified and initiated on TB therapy and 32,700 

231 (exact value; proportion of total TB burden – 45.1%) completed TB therapy. Therefore, 39,795 

232 (range, 8,191-79,191; 54.9%) of the estimated individuals with TB in 2018 did not complete the 

233 care cascade (Table 3). Individuals who did not seek care for their TB illness or who sought care 

234 but did not undergo microbiological TB testing accounted for 29,108 (range, 0-66,777; 73.1%) 

235 individuals with TB lost along the cascade in 2018 (Table 3); suboptimal empirical diagnosis of 

236 individuals with TB who had negative microbiological test results (due to incomplete diagnostic 

237 sensitivity of these tests) contributed to an additional 3,211 (95%CI, 2,262-4,506; 8.1%) missed 

238 TB cases, losses-to-follow-up prior to TB treatment initiation accounted for 3,745 (95%CI, 3,697-

239 3,781; 9.4%) patients lost, and unfavorable outcomes (loss to follow-up, death, and treatment 

240 failure) prior to TB treatment completion accounted for 3,731 (exact value; 9.4%) patients lost. 

241

242 TB Care Cascade by Drug Susceptibility Result
243 We estimated the burden of individuals with DS-TB in 2018 to be 70,755 (range, 40,009-

244 107,481) - approximately 97.6% of the total TB burden. The DS-TB cascade was largely similar 

245 to the overall TB cascade with 32,304 (exact value; 45.7%) of all individuals being diagnosed 

246 with TB, initiating on and completing TB treatment (Table 2; Figure 1b). The total number of 

247 rifampicin-resistant (RR) TB cases was estimated to be 1,740 (range, 486-4,014), or 2.4% of the 

248 total TB burden. Compared to individuals with DS-TB, individuals with RR-TB were substantially 

249 less likely to access microbiological TB testing (52.3% vs. 60.0%, p<0.001), have their TB 

250 diagnosed (68.9% vs. 93.1%, p<0.001), be notified and initiated on TB treatment (81.2% vs. 

251 90.8%, p<0.001) and to complete TB therapy (77.8% vs. 89.9%, p<0.001) (Figure 1c). Thus, 

252 only 396 (exact value; 22.1%) individuals with RR-TB completed the TB care cascade. The 
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253 majority of those with RR-TB along the pathways were due to individuals who did not seek care 

254 or who did not have access to TB and/or drug susceptibility testing – accounting for 830 cases 

255 (range, 0-2,961; 61.7%, Table 3); however, 283 (95%CI, 149-466; 21.1%) of lost RR-TB cases 

256 were among those who accessed TB testing and had RR-TB missed, 118 (exact value; 8.8%) 

257 were among those who had RR-TB detected but were not notified and started on appropriate 

258 TB therapy, and 113 (exact value; 8.4%) were among those who did not complete RR-TB 

259 therapy (Table 3). 

260
261 Drug Susceptible TB Care Cascade by HIV status
262 Of 70,755 individuals with drug-susceptible TB in 2018, 43,411 (range, 23,911-65,911; 61.4%) 

263 were estimated to be among people living with HIV. Compared to patients with DS-TB who were 

264 HIV-negative, HIV-positive patients with DS-TB were less likely to access microbiological TB 

265 testing (57.0 vs. 64.8%, p<0.001) and were less likely to complete TB treatment (88.4% vs. 

266 92.1%, p<0.001). This resulted in a lower overall proportion of HIV-positive patients compared 

267 to HIV-negative patients completing the TB care cascade (42.8% vs. 50.2%, p<0.001; Table 2; 
268 Figures 1d and 1e). For both HIV-positive and HIV-negative patients with DS-TB, the largest 

269 loss in the care cascade was due to patients not accessing microbiological TB testing resulting 

270 in 18,597 (range, 0-40,495; 75.2%) and 10,939 (range, 98-24,620; 70.6%) missed patients, 

271 respectively. 

272

273 TB Diagnosis Trends from 2015 to 2018
274 Between 2015 and 2018 Xpert MTB/RIF was increasingly utilized as the first-line TB diagnostic 

275 tool in Zambia where 24,140 Xpert tests were sent for suspected pulmonary TB in 2015, which 

276 increased to 163,470 sent in 2018 (Figure 2a). During this same period, the number of sputum 

277 AFB smear microscopy investigations decreased from 95,300 in 2015 to 25,323 in 2018. While 

278 there was a small decrease in the absolute number of pulmonary TB cases diagnosed and 

279 notified in 2018 compared to 2015 (31,272 vs. 33,452), the proportion of microbiologically-

280 confirmed TB cases that were notified during that period, substantially increased (56.0% [95CI, 

281 55.5-56.6] vs. 44.1% [95%CI, 43.6-44.7]; Figure 2a). The scale-up of Xpert testing between 

282 2015 and 2018 was also associated with a more than three-fold increase in the annual number 

283 of RR cases detected (627 vs. 196), and more than five-fold increase in the annual number of 
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284 rifampicin resistant TB cases that were notified and started on appropriate TB treatment (509 

285 vs. 99; Figure 2b). During this period, there was corresponding reduction in the proportion of 

286 PTLTFU RR-TB cases from 49.5% in 2015 to 18.8% in 2018 (p<0.001).

287

288 TB Treatment Completion Trends from 2015 to 2018
289 Finally, we examined trends in the proportion of DS-TB patients who completed TB treatment 

290 once they were notified and initiated on therapy (Figure 3). Among new/relapse pulmonary TB 

291 cases, treatment completion rates steadily increased between 2015 and 2018 (86.2 vs. 90.3%, 

292 p<0.001). There was also a trend towards improved TB treatment completion rates from 2015 

293 to 2018 among retreatment pulmonary TB cases (84.4% vs. 87.2%, p=0.06), however 

294 completion rates declined from 2017 to 2018 (95.0% vs. 87.2%, p<0.001).  From 2015 to 2018, 

295 the proportion of patients with extrapulmonary TB completing TB treatment also improved 

296 (80.6% vs. 87.8%, p<0.001). The proportion of HIV-positive patients completing TB therapy 

297 remained relatively unchanged from 2015 to 2018 (87.3% vs. 88.4%, p=0.001). Improvements 

298 in treatment completion rates from 2015 to 2018 were seen among patients who had a negative 

299 or unknown HIV status (82.4% vs. 91.8%, p<0.001) although, there was a small decline between 

300 2017 and 2018 (93.7 vs. 91.8%, p<0.001; Figure 3). In 2018, a lower proportion of HIV-positive 

301 TB patients completed therapy compared to HIV-negative patients (difference 3.4%, p<0.001). 

302 Differences in the proportion of patients completing TB therapy according to HIV status were 

303 driven by a higher absolute number and proportion of cases that died or were lost-to-follow-up 

304 during treatment among HIV-positive individuals compared to HIV-negative individuals 

305 (Supplementary Table 1). 
306
307 Discussion
308
309 In this study we found that less than half of all TB cases in Zambia in 2018 were diagnosed with 

310 TB, initiated on TB treatment and completed therapy. We identified important losses at each 

311 step of the TB care cascade, however, we estimate that more than 40% of all individuals with 

312 TB in Zambia are not accessing microbiological TB testing – this accounted for nearly three-

313 quarters of the estimated number of cases lost throughout the cascade. These results highlight 

314 important research and programmatic priorities for improving TB care and TB-related outcomes 

315 in Zambia.
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316

317 This represents the fourth national TB care cascade that has been characterized from a high 

318 burden TB country and builds upon similar analyses from South Africa, India, and Madagascar 

319 [8–10]. Our overall TB care cascade results are similar to those from these countries that each 

320 found that only about 50% of all TB patients were progressing through all steps of the care 

321 cascade and completing TB treatment. In India the largest losses in the care cascade were 

322 among those who did not access TB testing (28% of all cases) [8], in Madagascar the largest 

323 losses in the cascade were among those who were not diagnosed with TB despite seeking care 

324 and accessing a TB diagnostic facility (26% of all cases) [10], while in South Africa steady losses 

325 were seen prior to TB diagnosis (12% of all cases), prior to starting TB treatment (13% of all 

326 cases) and prior to successful completion of TB therapy (17% of all cases) [9]. In Zambia, 40% 

327 were estimated to have not accessed TB testing, while 4-5% of all TB cases were lost at each 

328 subsequent step of the care cascade. These differences highlight specific programmatic needs 

329 at different steps within the TB care cascade for each country and provides insight into the 

330 unique challenges that they each face.

331

332 Our results are consistent with several TB prevalence surveys suggesting that a large proportion 

333 of individuals with TB face barriers to healthcare seeking, barriers to accessing microbiological 

334 TB testing, or both [31,32]. Unfortunately, we are not able to discern whether the estimated 40% 

335 gap in patients not accessing TB microbiological investigations is predominantly driven by (a) 

336 individuals who fundamentally lacked access to primary health and TB facilities, (b) individuals 

337 who either delayed or never presented to TB testing facilities for evaluation of their illness, or (c) 

338 individuals who sought care at health facilities, but their illness was not suspected to be TB and 

339 thus they never had TB testing undertaken [33]. After onset of symptoms, individuals with 

340 undiagnosed TB may have long and complex journeys to TB care as they often face many 

341 barriers to care-seeking and accessing TB services (e.g., lack of knowledge, lack of social 

342 support, lack of time/finances, TB/HIV-related stigma, cultural and gender norms)  [32,34,35]. In 

343 the last Zambian national TB prevalence survey conducted in 2013 and 2014, only 60% of 

344 previously undiagnosed individuals with TB were symptomatic, of whom 50% had sought care 

345 for their illness at a health facility [13]. Furthermore, once patients do access healthcare services, 
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346 their TB illness may be missed – this has been shown to be a common problem in recent 

347 standardized patient studies conducted in Kenya [36], India [37] , and China [38]. 

348

349 Collectively, this suggests that both community-based and facility-based active TB case finding 

350 strategies, as well as training of healthcare providers to improve recognition of and testing for 

351 TB, are likely to be important to activities to increase detection of individuals with TB in Zambia 

352 Community-based active TB case finding may help overcome individuals’ barriers to health-

353 seeking and accessing TB services, possibly resulting in a greater absolute number of TB 

354 patients diagnosed and patients who are detected earlier [39–41]. However, effective and 

355 sustainable community-based active TB case finding strategies are not well-described and 

356 represent an urgent TB research need [32,42]. There is strong evidence demonstrating that 

357 facility-based, active TB case finding strategies are efficient and may yield a large number of 

358 cases that would otherwise have been missed, especially in high burden settings [43–46]. A 

359 recent study evaluating a multicomponent active TB case finding strategy in a high burden 

360 primary health care facility in Lusaka, Zambia found that total TB notifications increased by 35% 

361 during the intervention period; of the total TB cases, 91.5% were from facility-based case finding 

362 interventions while 8.5% were from community-based case finding interventions [46]. One 

363 important component of this strategy was the implementation of patient-friendly TB fast-track 

364 points at health facilities that improved access by allowing individuals with TB symptoms to skip 

365 the regular que and undergo rapid screening and testing for TB. Further research is needed to 

366 understand what potential strategies to improve TB care engagement and diagnosis are most 

367 preferred by and acceptable to community members in high-burden settings.

368

369 We estimate that nearly 10% of individuals diagnosed with TB were lost from follow-up prior to 

370 initiation of TB treatment (PTLTFU). PTLTFU is common in many high-burden settings as 

371 demonstrated by a systematic review that found that 4-38% (weighted proportion 18%) of TB 

372 patients in sub-Saharan Africa were lost at this step in the cascade [47]. This may be accounted 

373 for by patients who died prior to initiation of therapy – a common finding among such patients – 

374 and patients who cannot be traced after diagnosis either due to missing/incorrect contact 

375 information, or because they have moved away. A recent qualitative study among TB patients 

376 and health care workers (HCW) in India provided further understanding of factors that may 
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377 contributed to PTLTFU [48]. The authors identified challenges and constraints related to 

378 organizational and administrative barriers resulting in patient disengagement from TB services 

379 over frustration as well as negative HCW attitudes and behaviors resulting in patient distrust and 

380 feeling that their autonomy had been violated. There is an important need to design, evaluate 

381 and implement strategies that may address patient-level and health system factors and reduce 

382 PTLTFU [47]. It should be noted that pre-treatment loss-to-follow-up estimates may be 

383 overestimated because they fail to account for individuals who were in fact started on TB therapy, 

384 but were not officially registered and therefore never notified to the NTP (under-notification). 

385 Zambia’s NTP has recently completed a study to estimate the proportion of patients who are 

386 diagnosed but not notified as well as the proportion of those who are started on treatment but 

387 never reported. This study will yield improved estimates of pre-treatment loss-to-follow-up, which 

388 will allow for improved evaluations of programmatic changes that aim to improve TB diagnosis 

389 and linkage to TB treatment and care. 

390

391 We found that important progress has been made in Zambia with regard to microbiological TB 

392 diagnosis and TB treatment completion from 2015 to 2018. During this period there was a 

393 massive effort to scale-up the availability of Xpert MTB/RIF as the first-line TB diagnostic for all 

394 forms of TB. This was associated with a 12% increase in the proportion of TB patients who were 

395 microbiologically-confirmed (2,692 additional annual drug-susceptibility patients). Importantly, 

396 because Xpert also provides rapid simultaneous detection of rifampicin-resistance, its scale-up 

397 was also associated with a three-fold increase in RR-TB patients detected and a five-fold 

398 increase in the number of RR-TB patients who were notified and started on TB treatment.  

399 Zambia is currently preparing to scale-up Xpert Ultra cartridges, which when paired with 

400 continued efforts to decentralize Xpert testing, should allow for further gains in the detection of 

401 HIV-associated TB, extra-pulmonary TB, and RR-TB [49]. There was also evidence of improved 

402 TB treatment completion rates for nearly all forms of TB between 2015 and 2018. While it is 

403 important to recognize progress that has been made, smaller but critically important gaps in the 

404 TB care cascade remain due to missed diagnoses and lack of treatment completion. Further 

405 efforts to expand access to microbiological TB testing and interventions to bolster TB treatment 

406 adherence that are grounded in person-centered care approaches - such as decentralization of 
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407 services coupled with improved education and communication as well as material and 

408 psychological support - are needed [50,51].

409  

410 PLHIV accounted for more than 60% of TB cases in Zambia and were more likely to be lost at 

411 several steps of the cascade compared to HIV-negative individuals. This finding emphasizes the 

412 need to strengthen HIV-TB collaborative activities [32,52]. Due to non-specific clinical 

413 presentations and radiographic findings, one of the most important challenges to improving HIV-

414 associated TB outcomes remains TB diagnosis [53]. Non-specific symptoms may delay care-

415 seeking among PLHIV, and without systematic TB screening among PLHIV presenting to and 

416 in-care, the diagnosis of many TB cases may be further delayed or missed. Systematic screening 

417 for TB at each clinical presentation [54] must be coupled with access to improved microbiological 

418 diagnostic tools such as Xpert Ultra [55] and urine LAM [55,56] testing to facilitate rapid TB 

419 detection and TB treatment initiation in order to minimize pre-treatment loss-to follow-up and 

420 improve clinical outcomes. Compared to HIV-negative patients, HIV-positive patients were less 

421 likely to complete TB therapy, and TB treatment completion rates among PLHIV did not 

422 significantly change over a four-year period from 2015 to 2018. Previously, a study among PLHIV 

423 in Zambia found that a large number of individuals LTFU from HIV services had died and that 

424 programmatic mortality rates were substantially under-reported [22]; this suggests that mortality 

425 among PLHIV LTFU from TB treatment services is high and that TB-related mortality among 

426 PLHIV in Zambia is likely underestimated. The implementation of tailored interventions to 

427 improve adherence to TB treatment [50,57] as well as antiretroviral therapy [58] among this 

428 highly vulnerable population therapy are needed. 

429

430 Notably, we found that less than one quarter of rifampicin resistant TB cases in 2018 were 

431 detected, started on appropriate treatment and completed appropriate therapy. This was despite 

432 improved access to rapid drug susceptibility via the scale-up of Xpert MTB/RIF testing from 2015 

433 to 2018 and shorter and simplified drug-resistant TB regimens being introduced in 2018 [16]. 

434 The high rate of attrition of rifampicin-resistant TB patients throughout the care cascade argues 

435 for the need for specific investments in systems strengthening to improve drug resistant TB 

436 diagnosis and treatment in Zambia, mirroring this dire need in most high TB burden countries 

437 [18,32,59,60]. One important contributing factor to the large number of RR-TB patients not 
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438 accessing DST is the high proportion of patients who are being diagnosed clinically and/or on 

439 the basis of radiological findings only – this accounted for approximately 44% of pulmonary TB 

440 cases in Zambia in 2018. Notably, the scale-up of Xpert testing between 2015 to 2018 was 

441 associated with a more than 30% reduction in the proportion of RR-/MDR-TB cases that were 

442 lost-to-follow-up after diagnosis and prior to initiation of treatment – this is likely due to the 

443 substantially faster detection of rifampicin resistance compared to conventional culture-based 

444 methods. Collectively, this demonstrates the importance of continued efforts to expand access 

445 to Xpert testing in Zambia in order to facilitate confirmation of TB diagnoses coupled with rapid 

446 detection of rifampicin resistance. While the implementation of existing diagnostic tools as well 

447 as improved DR-TB treatment regimens must be optimized, there remains a continued need for 

448 the development of rapid low-cost drug susceptibility testing (DST) that can be scaled-up to 

449 provide decentralized access to first- and second-line DST aligned with current treatment 

450 recommendations [61], as well as continued progress towards shorter, less toxic, and more 

451 effective DR-TB treatment regimens [62]. 

452

453 This study utilized a validated analysis method [7] incorporating a number of data sources to 

454 derive nationally representative estimates of the TB care cascade in Zambia; however there 

455 were some limitations. As with other published TB cascades analyses, there is uncertainty 

456 around the estimates, especially the overall number of TB cases. The total burden of TB was 

457 calculated using indirect estimates from modelling that were based upon case notification data 

458 and a prior national TB prevalence survey. We derived a conservative estimate of the total TB 

459 burden that accounted for missed cases from the prior year [9] and that therefore may be a more 

460 appropriate estimate than measurements of TB incidence, which are rarely feasible to directly 

461 estimate [63]. Due to a lack of a unique national patient identifier, we were unable to link specific 

462 individuals with their outcomes as they progressed through the TB care cascade and thus unique 

463 individuals in one step of the cascade may differ from those in the following step; where possible, 

464 we attempted to account for duplicate diagnostic and treatment data, which was uncommon. 

465 Implementation of a unique TB patient identifier, and an improved TB data surveillance program 

466 with enhanced data integration would greatly improve future estimates and allow for real time 

467 individual-level, facility-level, and sub-national-level data to inform program strengthening.

468
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469 Given the potential importance of gender to TB epidemiology [31,64] and potential differential 

470 health-seeking behaviors and access to TB services [35,65,66], we sought to characterize the 

471 TB care cascade among men and women. For example, the prevalence of TB among men in 

472 Zambia’s first national TB prevalence survey in 2013/2014 was almost twice as high as that 

473 among women (833 vs. 487 cases per 100,000 persons) [13] and men with presumptive TB 

474 were less likely to have sought care for their symptoms than women (31.4% vs. 38.4%) [67]. 

475 Unfortunately, sex-disaggregated data sources were not available that would have allowed for 

476 each step of the cascade to be estimated. It is important that TB programs collect sex-

477 disaggregated diagnostic and treatment data to help ensure equity in access and treatment 

478 benefits. Additionally, because core incidence, diagnosis, notification and treatment numbers 

479 are from 2018, we feel our analysis accurately represents the national TB care cascade in 2018; 

480 however, PTLTFU estimates were informed by patient-level data from 2017 and the proportion 

481 of cases with rifampicin resistance were informed by higher-end estimates from the most recent 

482 national drug resistance survey conducted in 2008 [21]. An updated drug resistance survey is 

483 currently underway and will provide new estimates that will better guide programmatic priorities. 

484 Finally, to our knowledge, there are no locally or regionally-representative estimates of TB 

485 relapse rates after documented TB treatment completion. This is an important quality metric of 

486 individuals’ adherence to therapy as well as TB treatment programs and should be assessed in 

487 future research studies [7].

488

489 In conclusion, in 2018 only 45% of individuals with TB in Zambia completed the TB care cascade, 

490 and most losses were among patients who never accessed TB testing. Additionally, only 22% 

491 of all RR-TB patients successfully completed appropriate TB treatment and HIV-positive patients 

492 had substantially worse TB outcomes compared to HIV-negative patients. Our results suggest 

493 that continued systems-strengthening coupled with patient-centered engagement strategies are 

494 required throughout the TB cascade of care, however, implementation of active TB case finding 

495 strategies coupled with a renewed focus on those with rifampicin-resistance and PLHIV are 

496 urgently needed to improve TB-related outcomes and TB control in Zambia.
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716 Figure Legend
717
718 Figure 1. The tuberculosis care cascade in Zambia in 2018 among: (a) all tuberculosis cases; 
719 (b) drug-susceptible cases; (c) rifampicin-resistant cases; (d) drug-susceptible cases among 
720 HIV-positive individuals; (e) drug-susceptible cases among HIV-negative individuals.
721
722 Figure 2. Diagnoses and notifications of (a) all forms of drug-susceptible pulmonary 
723 tuberculosis in Zambia between 2015 and 2018, and (b) drug-resistant tuberculosis in Zambia 
724 between 2015 and 2018.
725
726 Figure 3. Overview of drug-susceptible tuberculosis treatment outcomes in Zambia between 
727 2015 and 2018, disaggregated according to tuberculosis-type. Shapes represent the 
728 proportion of patients completing tuberculosis treatment. 
729
730
731 Supporting information
732
733 Supplementary Appendix. Estimation methods and calculations used to derive the 
734 tuberculosis care cascade in Zambia in 2018.
735
736
737 Supplementary Table 1. Tuberculosis treatment outcomes in Zambia between 2015 and 2018 
738 according to HIV status.
739
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Table 1. Approach to and data sources for estimating each step of the tuberculosis care cascade in Zambia in 2018. 
Step 1. TB burden Step 2. Accessed tests Step 3. Diagnosed Step 4. Notified 

and treated
Step 5. Successfully 

treated

All TB 
cases

WHO estimates of TB 
incidence in 2018 plus 
50% of the number of 
undetected cases from 

2017 [18,20].

Add the number of missed 
cases to the total number of 

DS-TB cases diagnosed 
(step 3).

Missed cases estimated 
based upon TB test 

sensitivity by HIV status 
(informed by published 

reports [24–26]), corrected 
for the number of patients 
with negative TB tests who 

were empirically treated 
(informed by unpublished 

individual level data from 4 
Zambian provinces in 2017).

Back calculated from number of 
cases notified (step 4) and 

proportion of patients lost-to-
follow-up prior to initiation of TB 

therapy (PTLTFU).

PTLTFU estimated based on 
difference between number of 

microbiologically confirmed DS-
PTB cases detected (informed 
by aggregated facility-level TB 

laboratory data from 2018 
[unpublished]) and number of 

microbiologically confirmed DS 
PTB cases notified (informed by 

aggregated facility-level TB 
notification data from 2018 

[unpublished]). 

Exact value from 
aggregated facility-
level TB notification 

data from 2018 
(unpublished).

Add DS-TB and RR-TB cases 
successfully treated.

Rifampicin-
resistant TB 

cases

Overall TB burden 
multiplied by estimated 
proportion of cases with 

rifampicin resistance 
(informed by most 

recent Zambia National 
TB drug resistance 

survey in 2008 [21]).

Back calculated from RR-TB 
cases diagnosed (step 3) on 

the basis of cases 
bacteriologically diagnosed, 

by test type and test 
sensitivity (informed by 

published reports 
[24,27,28]).

Exact value from aggregated 
facility-level TB laboratory data 

from 2018 (unpublished).

Exact value from 
aggregated facility-
level TB notification 

data from 2018 
(unpublished).

Exact value from aggregated 
facility-level TB treatment 
outcomes data from 2018 

(unpublished).

Drug-
susceptible 
TB cases,
all cases

Overall TB burden 
minus RR-TB cases.

Add the number of missed 
cases to the total number of 

DS-TB cases diagnosed 
(step 3).

Missed cases estimated 
based upon TB test 

sensitivity by HIV status 
(informed by published 

reports [24–26]), corrected 
for the number of patients 
with negative TB tests who 

were empirically treated 
(informed by unpublished 

individual level data from 4 
Zambian provinces in 2017).

Back calculated from number of 
DS-TB cases notified (step 4) 
and proportion of patients lost-
to-follow-up prior to initiation of 

TB therapy (PTLTFU).

PTLTFU estimated based on 
difference between number of 

microbiologically confirmed DS-
PTB cases detected (informed 
by aggregated facility-level TB 

laboratory data from 2018 
[unpublished]) and number of 

microbiologically confirmed DS 
PTB cases notified (informed by 

aggregated facility-level TB 
notification data from 2018 

[unpublished]).

Exact value from 
aggregated facility-
level TB notification 

data from 2018 
(unpublished).

Exact value from aggregated 
facility-level TB treatment 
outcomes data from 2018 

(unpublished).

Drug-
susceptible 
TB cases,

WHO 2019 analysis of 
DS-TB incidence in 

2017 plus 50% of the 

Add the number of missed 
cases of DS-TB among HIV-

positive individuals to the 

Back calculated from number of 
cases notified (step 4) and 

proportion of patients lost-to-

Exact value from 
aggregated facility-
level TB notification 

Exact value from aggregated 
facility-level TB treatment 
outcomes data from 2018 
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HIV-positive 
individuals

number of undetected 
cases from 2018 

[18,20].

total number of DS-TB 
cases diagnosed among 
HIV-positive individuals 

(step 3).

Missed cases estimated 
based upon TB test 

sensitivity in HIV-positive 
individuals, corrected for the 

number of patients with 
negative TB tests who were 
empirically treated ([24,25]).

follow-up prior to initiation of TB 
therapy (PTLTFU) [PTLTFU 

assumed to be the same 
independent of HIV status].

data from 2018 
adjusted for the 

proportion of 
patients without an 

HIV test. 
(unpublished).

(number successfully treated) 
adjusted for proportion of 

patients without an HIV test 
(unpublished).

Drug-
susceptible 
TB cases,

HIV-
negative 

individuals

Total number of DS-TB 
cases minus number of 
DS-TB cases among 
HIV-positive individuals.

Total number of DS-TB 
cases who accessed TB 
tests minus the number of 
DS-TB cases who accessed 
TB tests among HIV-positive 
individuals.

Total number of DS-TB cases 
diagnosed minus the number of 
DS-TB cases diagnosed among 

HIV-positive individuals.

Total number of DS-
TB cases notified 
minus the number 
of DS-TB cases 

among HIV-positive 
individuals notified.

Total number of DS-TB cases 
successfully treated minus 

the number of DS-TB cases 
among HIV-positive 

individuals successfully 
treated.
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Table 2. Overview of the tuberculosis care cascade in Zambia in 2018 according to type.

 *Values in parentheses represent ranges, unless explicitly specified as 95% confidence intervals. The left-side column under ‘proportion’ 
denotes the proportion of TB cases relative to the total TB burden, while the right-side column denotes the proportion of TB cases relative 
to the prior step in the cascade.

Step 1. 
TB burden

Step 2. 
Accessed tests

Step 3. 
Diagnosed

Step 4. 
Notified and treated

Step 5. 
Successfully treated

Cases, 
range*

Proportion 
(%)

Cases, 
range*

Proportion 
(%)

Cases, 
range*

Proportion 
(%)

Cases, 
range*

Proportion 
(%)

Cases, 
range*

Proportion 
(%)

Overall 
TB 
Cascade

72,495 
(40,495- 
111,495)

100

43,387 
(95%CI: 
42,390-
44,710)

59.8 59.8

40,176 
(95%CI: 
40,128- 
40,212)

55.4 92.6 36,431 50.2 90.7 32,700 45.1 89.8

Rifampin-
resistant 
TB

1,740 
(486-
4,014)

100

910 
(95%CI: 

776-
1,093)

52.3 52.3 627 36.0 68.9 509 29.3 81.2 396396 22.8 77.8

DS-TB, 
all

70,755 
(40,009-
107,481)

100

42,477 
(95%CI: 
41,614-
43,625)

60.0 60.0

39,549 
(95%CI: 
39,501-
39,585)

55.9 93.1 35,922 50.8 90.8 32,304 45.7 89.9

DS-TB, 
HIV-
positive

43,411 
(23,911-
65,911)

100

24,746
(95%CI: 
24,290-
25,349)

57.0 57.0

23,133
(95%CI: 
23,106-
23,154)

53.3 93.5

21,012
(95%CI: 
20,962-
21,064)

48.4 90.8

18,579
(95%CI: 
18,535-
18,625)

42.8 88.4

DS-TB, 
HIV-
negative

27,344 
(16,098-
41,570)

100

17,731
(95%CI: 
17,324-
18,276)

64.8 64.8

16,415 
(95%CI: 
16,395-
16,431)

60.0 92.6

14,910 
(95%CI: 
14,858-
14,960)

54.5 90.8

13,725 
(95%CI: 
13,679-
13,769)

50.2 92.1
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Table 3. Gap analysis of the tuberculosis care cascade in Zambia in 2018 according to type.

*Values in parentheses represent ranges, unless explicitly specified as 95% confidence intervals. Proportions are relative to the total 
number of TB cases estimated to have been lost throughout the care cascade. For rifampicin resistant TB, either the TB  diagnosis or 
the rifampicin resistance was missed.

Overall TB cases lost 
throughout the care 

cascade

Gap 1. Patient did 
not seek care at TB 
facility and/or have 

TB tests sent

Gap 2. TB tests sent, 
but TB missed*

Gap 3. TB diagnosed 
but patient not started 

on TB treatment 
and/or not notified

Gap 4. TB treatment 
started, but not 

completed

Cases, 
range*

Proportion 
(%)

Cases, 
range*

Proportion 
(%)

Cases, 
range*

Proportion 
(%)

Cases, 
range*

Proportion 
(%)

Cases, 
range*

Proportion 
(%)

Overall TB 
Cascade

39,795
(8,191-
79,191)

100
29,108

(0-
66,777)

73.1

3,211
(95%CI: 
2,262-
4,506)

8.1

3,745
(95%CI: 
3,697-
3,781)

9.4 3,731 9.4

Rifampin-
resistant 
TB

1,344 
(486-4,014) 100

830
(0-

2,921)
61.7

283
(95%CI: 
149-466)

21.1 118 8.8 113 8.4

Drug-
sensitive 
TB

38,451 
(40,009-
107,481)

100
28,278

(0-
63,856)

73.5

2,928
(95%CI: 
2,112-
4,040)

7.6

3,627
(95%CI: 
3,579-
3,663)

9.4 3,618 9.4

HIV-
positive, 
drug-
sensitive 
TB

24,832
(5,376-
47,286)

100
18,597

(0-
40,495)

75.2

1,613
(95%CI: 
1,185-
2,194)

6.5

2,121
(95%CI: 
2,094-
2,142)

8.5

2,379
(95%CI: 
2,337-
2,529)

9.8

HIV-
negative, 
drug-
sensitive 
TB

13,619
(2,419-
27,801)

100
10,939

(98-
24,620)

70.6

1,315
(95%CI: 

927-
1,846)

9.7

1,505
(95%CI: 
1,486-
1,520)

11.1

1,239
(95%CI: 
1,089-
1,281)

8.7
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 1 

Supplementary Appendix. Estimation methods and calculations used to derive the 
tuberculosis care cascade in Zambia in 2018. 
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Table 1. Overall TB Care Cascade in Zambia in 2018 

Variable Cases, range Proportion 
(%) 

Estimation method Calculation 

Step 1. TB 
burden 

72,495  
(40,495 - 111,495) 100 

WHO 2019 analysis of TB incidence 
in 2018 plus 50% of the number of 
undetected cases from 2017.1 

• TB incidence, 2018 (all): 60,000 
• TB incidence, 2017 (all): 61,000 
• Case detection rate, 2017: 59.0%  
• Estimated undetected cases 2017: 

24,990  
• 50% of undetected cases who 

have not died/self-cured: 12,495 

Gap 1 29,108  
(0-66,777) 40.2 

Step 1 estimated cases minus Step 
2 estimated cases.  

Step 2. 
Accessed tests 

43,387  
(95%CI: 42,390-44,718) 59.8 

Add DS-TB and RR-TB cases 
that accessed TB testing (see 
Tables 2 and 3 for estimates). 

• DS-TB: 42,477 (95%CI: 41,614-
43,625) 

• RR-TB: 910 (95%CI: 776-1,093) 

Gap 2 3,211  
(95%CI: 2,262-4,506) 4.4 

Step 2 estimated cases minus Step 
3 estimated cases.  

Step 3. 
Diagnosed 

40,176  
(95%CI: 40,128-40,212) 55.4 

Add DS-TB and RR cases 
diagnosed (see Tables 2 and 3 for 
estimates). 

• DS-TB: 39,549 (95%CI: 39,501-
39,585) 

• RR-TB: 627 

Gap 3 3,745 
(95%CI: 3,697-3,781) 5.2 

Step 3 estimated cases minus Step 
4 estimated cases.  

Step 4. Notified 
and treated 36,431 50.2 

Add DS-TB and RR cases 
notified and treated (see Tables 2 
and 3 for estimates). 

• DS-TB: 35,922 
• RR-TB: 509 

Gap 4 3,731 5.1 Step 4 estimated cases minus Step 
5 estimated cases.  

Step 5. 
Successfully 
treated 

32,700 45.1 
Add DS-TB and RR cases 
successfully treated (see Tables 2 
and 3 for estimates). 

• DS-TB: 32,304 
• RR-TB: 396 

1Estimate from: World Health Organization. Tuberculosis data. Available from: https://www.who.int/teams/global-tuberculosis-programme/data. 
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Table 2a. Drug-susceptible TB Care Cascade in Zambia in 2018 

Variable Cases, range Proportion 
(%) Estimation method Calculation 

Step 1. Overall 
TB burden 70,755 (40,009-107481) 100 

 
Overall TB burden minus RR-TB cases. • TB burden: 72,495 (40,495- 

111,495) 
• RR cases: 1740 (486-4014) 

Gap 1 28,278  
(0-63,856) 40.0 

Step 1 estimated cases minus Step 2 
estimated cases.  

Step 2. 
Accessed tests 

42,477  
(95%CI: 41,614-43,625) 60.0 

Add the number of missed cases to the total 
number of DS-TB cases diagnosed (step 3). 
 
Missed cases estimated based upon TB test 
sensitivity by HIV-status, corrected for the 
number of patients with negative TB tests 
who were empirically treated (Table 2b). 

• Number diagnosed:  39,549 (95%CI: 
39,501-39,585) 

• Number missed: 2,928 (95%CI: 
2,112-4,040) 

Gap 2 2,928  
(95%CI: 2,112-4,040) 4.1 

Step 2 estimated cases minus Step 3 
estimated cases.  

Step 3. 
Diagnosed with 

TB 

39,549  
(95%CI: 39,501-39,585) 55.9 

Back calculated from number of cases 
notified and proportion of patients lost-to-
follow-up prior to initiation of TB therapy. 
 
PTLTFU estimated based on difference 
between number of microbiologically 
confirmed DS PTB cases detected and 
number of microbiologically confirmed DS 
PTB cases notified (Table 2c). 

• PTLTFU estimate: = 9.2 (95%CI: 
9.1-9.3) 

• Number of patients notified in 2018: 
35,922 

Gap 3 3,627  
(95%CI: 3,579-3,663) 5.1 

Step 3 estimated cases minus Step 4 
estimated cases.  

Step 4. Notified 
and treated for 

TB 
35,922 50.8 Exact value from aggregated facility-level 

TB notification data. 

• All patients with DS-TB who were 
notified and started on treatment 
(including new, relapse, treatment 
after failure, treatment after loss-to-
follow-up patients and other 
previously treated cases). 

Gap 4 3,618 5.1 Step 4 estimated cases minus Step 5 
estimated cases  

Step 5. 
Successfully 

treated for TB. 
32,304  45.7 Exact value from aggregated facility-level 

TB treatment outcomes data. 

• All patients with DS-TB who 
successfully completed TB therapy 
(including new, relapse, treatment 
after failure, treatment after loss-to-
follow-up patients and other 
previously treated cases). 
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 4 

 
 
 
Table 2b. Estimation method for determining number of patients with DS-TB who accessed TB testing in 2018 

Variable HIV-positive HIV-negative Overall 

Total number of all microbiologically-
confirmed TB cases (who therefore 
underwent microbiological tests)1 

8,025 (PTB) + 320 (EPTB) 
= 8,345 

9,803 (PTB)+1,137 (EPTB) 
= 10,940 19,285 

Number of the above who underwent Xpert1 7,320 9,071 16,391 
Number who underwent smear1 1,025 1,869 2,894 

Proportion who underwent smear only 
(were smear-positive but Xpert either not 

done, or negative)2 
96.9% (95%CI: 95.6-98.0) 98.1% (95%CI: 97.1-98.8) 97.7%  

(95%CI:96.9-98.3) 

Number who underwent  
smear only 

1,025 x .969% (95%CI: .956-.980)  
= 993 (95%CI: 980-1,005) 

1,869 x .981% (95%CI: .971-.988) 
= 1,833 (95%CI: 1815-1,847) - 

Sensitivity of Xpert3 81% (95%CI 75-86) 88% (95%CI: 83-92) 85%  
(95%CI: 82-88) 

Cases missed by Xpert 7,320/ .81 (95%CI .75-.86) - 7,320 
= 1,717 (95CI: 1,192-2,440) 

9,071 /.88 (95%CI: .83-.92)- 9,071  
= 1,237 (95%CI: 789-1,858) 

2,594 
(95%CI: 1,980-4,298) 

Sensitivity of smear microscopy4,5 50% (95%CI:42-57) 76% (95%CI: 70-80) - 

Cases missed by smear 993/0.50 (95%CI:0.42-0.57)- 993 
 = 1,025 (95%CI: 773-1,415) 

1,833/0.76 (0.70-0.80)-1,833 
= 590 (95%CI: 467-801) 

1,615 
 (95%CI: 1,240-2,216) 

Total combined cases missed by Xpert and 
smear  2,472 (95CI: 1,965-3,855) 1,827 (95%CI: 1,256-2,659) 4,569  

(95%CI: 3,221-6,514) 
Proportion of patients who had a negative 

Xpert that were empirically treated2 30.6% (95%CI: 28.6-32.7) 22.7% (95%CI:19.8-25.9) 28.9  
(95%CI: 27.2-30.6) 

Negative Xpert / received empiric therapy 
1,717 (95CI: 1,192-2,440) x .306 

(95%CI: .286-.327) 
= 525 (95: 341-798) 

1,237 (95%CI: 789-1,858) x .227 
(95%CI:.198-259)  

= 281 (95%CI: 156-481) 
 

806  
(95%CI: 497-1,279) 
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 5 

Proportion of patients who had a negative 
smear that were empirically treated2 58.9% (95%CI: 56.8-61.0) 39.2% (95%CI: 36.9-41.4) 50.1  

(95%CI 48.5-51.6) 

Negative smear / received empiric therapy 
1,025 (95%CI: 773-1,415) x  

.589 (95%CI: .568-.610) 
= 604 (95%CI: 439-863) 

 590 (95%CI: 467-801) x 
.392% (95%CI: .369-.414) 
= 231 (95%CI: 172-332) 

835  
(95%CI: 612-1,195) 

 

Total cases that were negative by Xpert or 
smear that were empirically treated 1,129 (95%CI: 780-1,661) 529 (95%CI: 329-813) 1,641  

(95%CI: 1,109-2,474) 

Total Missed cases 
(Total number of cases missed by Xpert or 

smear minus those were empirically 
treated) 

1,613 (95%CI: 1,185-2,194) 1,315 (95%CI: 927-1,8460 2,928 
(95%CI: 2,112-4,040) 

1Exact value from 2018 national TB laboratory register, 2Estimate from: individual-level TB notification data from 4 provinces in 2017, n=11,814 (unpublished), 3Estimate 
from: Horne DJ, Kohli M, Zifodya JS, et al. Xpert MTB/RIF and Xpert MTB/RIF Ultra for pulmonary tuberculosis and rifampicin resistance in adults. Cochrane Database 
Syst Rev. 2019 Jun 7;6(6):CD009593.4Estimate from: Boehme CC, Nicol MP, Nabeta P, et al. Feasibility, diagnostic accuracy, and effectiveness of decentralised use of 
the Xpert MTB/RIF test for diagnosis of tuberculosis and multidrug resistance: a multicentre implementation study. Lancet 2011; 377:1495–505. 5Estimate from: Steingart 
KR, Henry M, Ng V, et al. Fluorescence versus conventional sputum smear microscopy for tuberculosis: a systematic review. Lancet Infect Dis 2006;6:570–81. 
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Table 2c. Estimation method for determining proportion of patients with pre-treatment lost-to-follow-up. 

Variable Overall 

Unadjusted number of microbiologically-confirmed pulmonary TB 
cases1 19,285 (16,391 Xpert and 2,894 smear) 

Proportion of patients with positive smear who also have a positive 
Xpert result2 2.3% (95%CI 1.7-3.1) 

Number of patients with positive smear who also have a positive 
Xpert result2 

2,894 x .023% (95%CI .017-.031) 
 = 67 (95%CI: 49-90) 

Adjusted number of microbiologically-confirmed PTB cases 
 

(2,894 - 67 (95%CI: 49-90)) +  
19,218 (95%CI: 19,195-19,236) 

Number of patients with microbiologically-confirmed pulmonary TB 
notified in 20183 17,456 

Proportion of all patients with microbiologically-confirmed TB who 
were registered and started TB treatment 90.8 (95%CI: 90.7-90.9) 

Pre-treatment lost-to-follow-up (PTLTFU) estimate:  100% - 90.8 (95%CI: 90.7-90.9) 
= 9.2% (95%CI: 9.1-9.3) 

1Exact value from 2018 nationally aggregated TB laboratory register, 2Estimate from: individual-level TB notification data from 4 provinces in 2017, n=11,814 
(unpublished).3Exact value from 2018 nationally aggregated TB notification register. 
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Table 3. Rifampicin resistant TB Care Cascade in Zambia in 2018 
Variable Cases, range Proportion (%) Estimation method Calculation 

Step 1. Overall 
TB burden 1,740 (486-4,014) 100 

Overall TB burden multiplied by 
estimated proportion of cases with 
rifampicin resistance. 

• TB burden: 72,495 (40,495-111,495) 
• Overall estimate of RR-TB: 2.4% (95CI: 1.2-3.6)1 

Gap 1 830 (range, 0-2,921) 47.7 
Step 1 estimated cases minus Step 
2 estimated cases.  

Step 2. 
Accessed tests 

910  
(95%CI: 776-1,093) 52.3 

Back calculated from RR 
tuberculosis cases diagnosed on the 
basis of cases bacteriologically 
diagnosed, by test type and test 
sensitivity. 

• RR-TB cases diagnosed: 627 
• RR-TB cases missed: 283 

Gap 2 283  
(95%CI: 149-466) 16.3 

Step 2 estimated cases minus Step 
3 estimated cases.  

Step 3. 
Diagnosed with 
TB 

627 36.0 Exact value from aggregated facility-
level TB laboratory data. • All patients with microbiologically-confirmed RR-TB  

Gap 3 118 6.8 Step 3 estimated cases minus Step 
4 estimated cases.  

Step 4. Notified 
and treated for 
TB 

509 29.3 Exact value from aggregated facility-
level TB notification data. 

• All patients with RR-TB who were notified and started 
on treatment.  

Gap 4 113 6.5 Step 4 estimated cases minus Step 
5 estimated cases.  

Step 5. 
Successfully 
treated for TB 

396 22.8 Exact value from aggregated facility-
level TB treatment outcomes data. 

• The number of RR-TB who were notified and started 
on treatment who were successfully treated. 

1Estimate from: Kapata N, Mbulo G, Cobelens F, et al. The Second Zambian National Tuberculosis Drug Resistance survey - a comparison of conventional and molecular 
methods. Trop Med Int Health. 2015;20(11):1492‐1500. This is the most recent Zambia national drug resistance survey. A higher estimate utilizing MDR-TB Plus chosen 
because it more closely coincides with WHO RR-TB incidence estimates for 2018. 
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Table 3b. Estimation method for determining number of patients with RR-TB who accessed TB testing in 2018 

Variable HIV-positive HIV-negative Overall, No 

Number of laboratory-confirmed RR-
cases - - 627 

Proportion of RR-TB patients notified 
in 2018, by HIV-status.1 59.1% (95CI: 54.6-63.6) 40.9% (95%CI: 36.4-45.4) - 

Number of RR-TB patients 
diagnosed in 2018, by HIV-status 

627 x 59.1% (95CI: 54.6-63.6) 
= 371 (95%CI: 342-399) 

627 x 40.9% (95%CI: 36.4-45.4) 
= 256 (95%CI: 228-285) 627 

Number of RR-cases detected by 
Xpert - - 372 

Number of RR-cases detected by 
Xpert, by HIV-status 

372 x 59.1% (95CI: 54.6-63.6) 
= 220 (95%CI: 203-237) 

372 x 40.9% (95%CI: 36.4-45.4) 
= 152 (95%CI: 135-169) 372 

Combined sensitivity of Xpert for Rif-
Resistance, by HIV status2 

• Sensitivity of Xpert for TB: 81% (95%CI: 
75% to 86%) 

• Sensitivity of Xpert for RIF-resistance: 96% 
(94% to 97%)  

• Overall sensitivity for RR-TB: 
77.8% (95%CI 70.5-83.4) 

 

• Sensitivity of Xpert for TB: 88% (95%CI: 
83% to 92%) 

• Sensitivity of Xpert for RIF-resistance: 96% 
(94% to 97%)  

• Overall sensitivity for RIF-resist TB: 
84.5% (95%CI 78.0-89.2) 

 

- 

RR-cases missed by Xpert 220 (95%CI: 203-237)/ .778 (95%CI .705-
.834) – 220 = 63 (95%CI: 24-116) 

152 (95%CI: 135-169)/ .845 (95%CI .780-
.892) – 152 = 28 (95%CI: 0-64) 91 (95%CI: 23-180) 

Number of RR-cases detected by 
MDR-TB plus - - 135 

Number of RR-cases detected by 
MDR-TB plus, by HIV-status 

135 x 59.1% (95CI: 54.6-63.6) 
= 80 (95%CI: 74-86) 

135 x 40.9% (95%CI: 36.4-45.4 
= 55 (95%CI: 49-61) 135 

Combined sensitivity of MDR-TB 
plus*3 

• Sensitivity of smear for TB: 50% 
(95%CI:42-57) 

• Sensitivity of culture for smear-positive TB: 
100% 

• Sensitivity of MDR-TB plus: 96.9% 
(95CI%:95.5-98.0) 

• Overall sensitivity for RR-TB: 48.5% 
(95%CI: 40.1-55.9) 

• Sensitivity of smear for TB: 76% (95%CI: 
70-80) 

• Sensitivity of culture for smear-positive TB: 
100% 

• Sensitivity of MDR-TB plus: 96.9% 
(95CI%:95.5-98.0) 

• Overall sensitivity for RR-TB: 73.6% 
(95%CI: 66.9-78.4) 

- 

RR-cases missed by MDR-TB plus 80 (95%CI: 74-86) /.485 (95%CI: .401-
.559) - 80 = 85 (95%CI: 52-134) 

55 (95%CI: 49-61) / .736 (95%CI: .669-
.784) - 55 = 20 (95%CI: 7-36) 105 (95%CI: 59-171) 
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Number of RR-cases detected by 
liquid culture (MGIT 960)*4   120 

Number of RR-cases detected by 
liquid culture (MGIT 960)*4, by HIV-

status 
120 x 59.1% (95CI: 54.6-63.6) 

= 71 (95%CI: 66-76) 
120 x 40.9% (95%CI: 36.4-45.4 

= 49 (95%CI: 44-54) 120 

Combined sensitivity of liquid culture 

• Sensitivity of smear for TB: 50% 
(95%CI:42-57) 

• Sensitivity of culture for smear-positive TB: 
100% 

• Sensitivity of liquid culture for RR-TB: 
99.2% (95%CI: 95.9-100) 

• Overall sensitivity for RR-TB: 49.6% (40.3-
57.0) 

• Sensitivity of smear for TB: 50% 
(95%CI:42-57) 

• Sensitivity of culture for smear-positive TB: 
100% 

• Sensitivity of liquid culture for RR-TB: 
99.2% (95%CI: 95.9-100) 

• Overall sensitivity for RR-TB: 75.4 (95%CI: 
67.1-80.0) 

- 

RR-cases missed by liquid culture 
71 (95%CI: 66-76) / .496 (95%CI: .403-.570) 

– 71  
= 72 (95%CI: 61-83) 

43 (95%CI: 49-54) / .754 (95%CI: .671-.800) 
– 43   

= 16 (95%CI: 6-32) 
88 (95%CI: 67-115) 

Total microbiologically-missed cases 63 (95%CI: 24-116) + 85 (95%CI: 52-134) + 
72 (95%CI: 61-83) = 220 (95%CI: 137-333) 

28 (95%CI: 0-64) + 20 (95%CI: 7-36) + 16 
(95%CI: 6-32) = 64 (95%CI: 13-133) 283 (95%CI: 149-466) 

Received empiric therapy* 0 0 0 
Total Missed cases 220 (95%CI: 137-333) 64 (95%CI: 13-133) 283 (95%CI: 149-466) 

1Exact value from 2018 national TB laboratory register. 2Estimate from: Horne DJ, Kohli M, Zifodya JS, et al. Xpert MTB/RIF and Xpert MTB/RIF Ultra for pulmonary 
tuberculosis and rifampicin resistance in adults. Cochrane Database Syst Rev. 2019 Jun 7;6(6):CD009593. 3Estimate from: WHO. The use of molecular line probe assays 
for the detection of resistance to isoniazid and rifampicin. Geneva: WHO; 2016. Available at: https://apps.who.int/iris/bitstream/handle/10665/250586/9789241511261-
eng.pdf?sequence=1, 4Estimated from: Tortoli E, Benedetti M, Fontanelli A, Simonetti MT. Evaluation of automated BACTEC MGIT 960 system for testing susceptibility of 
Mycobacterium tuberculosis to four major antituberculous drugs: comparison with the radiometric BACTEC 460TB method and the agar plate method of proportion. J Clin 
Microbiol. 2002;40(2):607‐610.  
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 10 

Table 4. Drug-susceptible TB Care Cascade among HIV-positive individuals in Zambia in 2018 
Variable Cases, range Proportion (%), range Estimation method Calculation 

Step 1. Overall TB 
burden 43,411 (23,911-65,911) 100 

WHO 2019 analysis of TB 
incidence in 2017 plus 50% of the 
number of undetected cases from 
2018.1 

• TB incidence, 2018 (all): 36,000 
(range, 23,000-51,000) 

• TB incidence, 2017 (all): 36,000 
(range, 23,000-51,000) 

• Case detection rate, 2017: 
58.8% (range, 41.5-92.1) 

• Estimated undetected cases 
2017: 14,822 (range, 1,822-
29,822) 

• 50% of undetected cases who 
have not died/self-cured: 7,411 
(range, 911-14,911) 

Gap 1 18,597 (0-40,495) 43.0 Step 1 estimated cases minus 
Step 2 estimated cases.  

Step 2. Accessed 
tests 

24,746 
(95%CI: 24,290-25,349) 57.0 

Add the number of missed cases 
of DS-TB among HIV-positive 
individuals to the total number of 
DS-TB cases diagnosed among 
HIV-positive individuals (step 3). 
 
Missed cases estimated based 
upon TB test sensitivity in HIV-
positive individuals, corrected for 
the number of patients with 
negative TB tests who were 
empirically treated (Table 2b). 

• Number diagnosed: 23,133 
(95CI: 23,106-23,154) 

• Number missed (table 2b): 
1,613 (95%CI: 1,185-2,194) 

Gap 2 1,613  
(95%CI: 1,185-2,194) 3.7 Step 2 estimated cases minus 

Step 3 estimated cases.  

Step 3. Diagnosed 
with TB 

23,133 
(95%CI: 23,106-23,154) 53.3 

Back calculated from number of 
cases notified and proportion of 
patients lost-to-follow-up prior to 
initiation of TB therapy (PTLTFU) 
[see Table 2c]; [assumed to be the 
same independent of HIV-status]. 

• PTLTFU estimate: 9.2% 
(95%CI: 9.1-9.3) 

• Number of HIV-positive 
patients notified in 2018: 
21,012 (95%CI: 20,962-21,064) 

Gap 3 2,121  
(95%CI: 2,094-2,142) 4.9 Step 3 estimated cases minus 

Step 4 estimated cases.  

Step 4. Notified 
and treated for TB 

21,012 
(95%CI: 20,962-21,064) 48.4 

Exact value from aggregated 
facility-level TB notification data 
adjusted for proportion of patients 
without an HIV test. 

• DS-TB: 19,332 
• Proportion of all notified 

patients who had an HIV test: 
94.9% (95%CI: 94.6-95.1) 
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1Estimate from: World Health Organization. Tuberculosis data. Available from: https://www.who.int/teams/global-tuberculosis-programme/data. 

 
  

Gap 4 2,433 
(95%CI: 2,337-2,529) 5.6 Step 4 estimated cases minus 

Step 5 estimated cases.  

Step 5. 
Successfully 
treated for TB 

18,579 
(95%CI: 18,535-18,625) 42.8 

Exact value from aggregated 
facility-level TB treatment 
outcomes data (number 
successfully treated) adjusted for 
proportion of patients without an 
HIV test. 

• DS-TB: 17,624 
• Proportion of all notified 

patients who had an HIV test: 
94.9% (95%CI: 94.6-95.1) 
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Table 5. Drug-susceptible TB Care Cascade among HIV-negative individuals in Zambia in 2018 
Variable Cases, range Proportion (%) Estimation method Calculation 

Step 1. Overall 
TB burden 

27,344  
(16,098-41,570) 100 

Total number of DS-TB cases 
minus number of DS-TB cases 
among HIV-positive individuals 

• Number of DS-TB cases: 
70,755 (range, 40,009-
107,481) 

• Number of HIV-positive DS-TB 
cases: 43,411 (23,911-65,911) 

Gap 1 10,939 (98-24,620) 35.2 Step 1 estimated cases minus 
Step 2 estimated cases.  

Step 2. 
Accessed tests 

17,731 
(95%CI: 17,324-18,276) 64.8 

Total number of DS-TB cases who 
accesses TB tests minus the 
number of DS-TB cases who 
accessed TB tests among HIV-
positive individuals  

• Number of DS-TB cases that 
accessed tests: 42,477  
(95%CI: 41,614-43,625) 

• Number of HIV-positive DS-TB 
cases diagnosed: 24,746 
(95%CI: 24,290-25,349) 

Gap 2 1,315  
(95%CI: 927-1,846) 4.8 Step 2 estimated cases minus 

Step 3 estimated cases.  

Step 3. 
Diagnosed with 
TB 

16,415  
(95%CI: 16,395-16,431) 60.0 

Total number of DS-TB cases 
diagnosed minus the number of 
DS-TB cases diagnosed among 
HIV-positive individuals  

• Number of DS-TB cases 
diagnosed: 39,549  
(95%CI: 39,501-39,585) 

• Number of HIV-positive DS-TB 
cases diagnosed: 23,133 
(95%CI: 23,106-23,154) 

Gap 3 1,505 
(95%CI: 1,486-1,520) 5.5 Step 3 estimated cases minus 

Step 4 estimated cases.  

Step 4. Notified 
and treated for 
TB 

14,910  
(95%CI: 14,858-14,960) 54.5 

Total number of DS-TB cases 
notified minus the number of DS-
TB cases among HIV-positive 
individuals notified 

• Number of DS-TB cases 
notified: 35,922 

• Number of HIV-positive DS-TB 
cases notified: 21,012 (95%CI: 
20,962-21,064) 

Gap 4 1,185 
(95%CI: 1,089-1,281) 4.3 Step 4 estimated cases minus 

Step 5 estimated cases.  

Step 5. 
Successfully 
treated for TB 

13,725 
(95%CI: 13,679-13,769) 50.2 

Total number of DS-TB cases 
successfully treated minus the 
number of DS-TB cases among 
HIV-positive individuals 
successfully treated 

• Number of DS-TB cases 
treated:  32,304 

• Number of HIV-positive DS-TB 
cases treated: 18,633 
(95%CI: 18,535-18,725) 
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Supplementary Table 1. Tuberculosis treatment outcomes in Zambia between 2015 and 2018 according to HIV-status. 
 
 HIV-positive HIV-negative or unknown HIV status 
 Total 

treatment 
cohort 

Completed 
treatment 

Failed 
treatment 

Died 
during 

treatment 

LTFU 
during 

treatment 

Not 
evaluated 

Total 
treatment 

cohort 

Completed 
treatment 

Failed 
treatment 

Died 
during 

treatment 

LTFU 
during 

treatment 

Not 
evaluated 

2015 20967 18312 
(87.3) 

71 
(0.3) 

1117 
(5.3) 

682 
(3.3) 

785 
(3.7) 20621 16986 

(82.4) 
102 
(0.5) 

1392 
(6.8) 

1168 
(5.7) 

973 
(4.7) 

2016 21655 18541 
(85.6) 

171 
(0.8) 

1354 
(6.3) 

705 
(3.3) 

884 
(4.1) 18498 16481 

(89.1) 
55 

(0.3) 
1058 
(5.7) 

486 
(2.6) 

418 
(2.3) 

2017 20362 17527 
(86.1) 

136 
(0.7) 

1622 
(8.0) 

731 
(3.6) 

346 
(1.7) 16841 15779 

(93.7) 
40 

(0.2) 
569 
(3.4) 

135 
(0.8) 

318 
(1.9) 

2018 19932 17624 
(88.4) 

113 
(0.6) 

1253 
(6.3) 

521 
(2.6) 

421 
(2.1) 15990 14680 

(91.8) 
46 

(0.3) 
745 
(4.7) 

342 
(2.1) 

177 
(1.1) 

 
 
 
 
 

 

Page 47 of 46

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only
The tuberculosis care cascade in Zambia - identifying the 
gaps in order to improve outcomes: a population-based 

analysis

Journal: BMJ Open

Manuscript ID bmjopen-2020-044867.R2

Article Type: Original research

Date Submitted by the 
Author: 08-May-2021

Complete List of Authors: Lungu, Patrick; Zambia Ministry of Health, National Tuberculosis and 
Leprosy Control Programme; University of Zambia University Teaching 
Hospital, Department of Internal Medicine
Kerkhoff, Andrew; Zuckerberg San Francisco General Hospital and 
Trauma Center, Division of HIV, Infectious Diseases and Global Medicine
Kasapo, Clara; National Tuberculosis and Leprosy Control Programme, 
Lusaka, Zambia
Mzyece, Judith; National Tuberculosis and Leprosy Control Programme, 
Lusaka, Zambia
Nyimbili, Sulani; National Tuberculosis and Leprosy Control Programme, 
Lusaka, Zambia
Chimzizi, Rhehab; National Tuberculosis and Leprosy Control 
Programme, Lusaka, Zambia
Silumesi, Andrew; Zambia Ministry of Health
Kagujje, Mary; Center for Infectious Disease Research in Zambia
Subbaraman, Ramnath; Tufts University School of Medicine, Department 
of Public Health and Community Medicine
Muyoyeta,  Monde  ; Center for Infectious Disease Research in Zambia
Malama, Kennedy; Ministry of Health

<b>Primary Subject 
Heading</b>: Infectious diseases

Secondary Subject Heading: Global health, Health services research

Keywords:
Tuberculosis < INFECTIOUS DISEASES, HIV & AIDS < INFECTIOUS 
DISEASES, Public health < INFECTIOUS DISEASES, Epidemiology < 
INFECTIOUS DISEASES

 

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open



For peer review only
I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined 
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors 
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance 
with the terms applicable for US Federal Government officers or employees acting as part of their official 
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its 
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the 
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to 
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate 
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open 
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and 
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative 
Commons licence – details of these licences and which Creative Commons licence will apply to this Work are set 
out in our licence referred to above. 

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, I confirm this Work has not been 
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate 
material already published. I confirm all authors consent to publication of this Work and authorise the granting 
of this licence. 

Page 1 of 49

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/


For peer review only

The tuberculosis care cascade in Zambia - identifying the gaps in order to improve 
outcomes:  a population-based analysis

Short title: TB Care Cascade in Zambia

AUTHORS: Patrick S. Lungu1,2*, Andrew D. Kerkhoff3*, Clara C. Kasapo1, Judith Mzyece1, 
Sulani Nyimbili1, Rhehab Chimzizi1, Andrew Silumesi4, Mary Kagujje5, Ramnath Subbaraman6, 
Monde Muyoyeta5, Kennedy Malama4

Affiliations:

1National Tuberculosis and Leprosy Control Programme, Lusaka, Zambia
2Department of Internal Medicine, University Teaching Hospital, Lusaka, Zambia
3Division of HIV, Infectious Diseases and Global Medicine, Zuckerberg San Francisco General 
Hospital and Trauma Center, University of California San Francisco, San Francisco, CA, USA
4Ministry of Health, Lusaka, Zambia
5Centre for Infectious Disease Research in Zambia, Lusaka, Zambia
6Department of Public Health and Community Medicine, Tufts University School of Medicine, 
Boston, MA, USA

*PSL and ADK contributed equally.

Corresponding author:
Dr. Patrick S. Lungu
Email: lungupatrick99@gmail.com

Article type: Original article

Keywords: Tuberculosis, care cascade, loss to follow-up, Zambia, HIV, rifampicin resistance

Page 2 of 49

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

2 Abstract 
3

4 Objectives: Tuberculosis (TB) remains a leading cause of morbidity and mortality in Zambia, 

5 especially for people living with HIV (PLHIV). We undertook a care cascade analysis to quantify 

6 gaps in care and align program improvement measures with areas of need.

7 Design: Retrospective population-based analysis.

8 Setting: We derived national-level estimates for each step of the TB care cascade in Zambia. 

9 Estimates were informed by WHO incidence estimates, nationally aggregated laboratory and 

10 notification registers, and individual-level program data from four provinces. 

11 Participants: All individuals with active TB disease in Zambia in 2018. We characterized the 

12 overall TB cascade and disaggregated by drug-susceptibility results and HIV status. 

13 Results: In 2018, the total burden of TB in Zambia was estimated to be 72,495 (range, 40,495-

14 111,495) cases. Of these, 43,387 (59.8%) accessed TB testing, 40,176 (55.4%) were diagnosed 

15 with TB, 36,431 (50.3%) were started on treatment and 32,700 (45.1%) completed treatment. 

16 Among all persons with TB lost at any step along the care cascade (n=39,795), 29,108 (73.1%) 

17 were lost prior to accessing diagnostic services, 3,211 (8.1%) prior to diagnosis, 3,745 (9.4%) 

18 prior to initiating treatment, and 3,731 (9.4%) prior to treatment completion. PLHIV were less 

19 likely than HIV-negative individuals to successfully complete the care cascade (42.8% vs. 

20 50.2%; p<0.001). Among those with rifampicin-resistant TB, there was substantial attrition at 

21 each step of the cascade and only 22.8% were estimated to have successfully completed 

22 treatment. 

23 Conclusions: Losses throughout the care cascade resulted in a large proportion of individuals 

24 with TB not completing treatment. Ongoing health systems strengthening, and patient-centered 

25 engagement strategies are needed at every step of the care cascade; however, scale-up of 

26 active case finding strategies is particularly critical to ensure individuals with TB in the population 

27 reach initial stages of care. Additionally, a renewed focus on PLHIV and individuals with drug-

28 resistant TB is urgently needed to improve TB-related outcomes in Zambia.
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29 Strengths and limitations of this study

30  The national tuberculosis (TB) care cascade for Zambia in 2018 was characterized in order 

31 to identify gaps in care.

32  The TB care cascade was constructed for all TB patients as well as according to drug-

33 susceptibility result and HIV status. 

34  The analysis was informed by a published set of methodologies and utilized several data 

35 sources to derive estimates.

36  Enhanced TB surveillance programs, including the use of unique TB patient identifiers, 

37 would allow for real-time monitoring and improved estimates to inform programmatic 

38 strengthening.
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39 Background
40 The WHO End TB strategy aims to reduce tuberculosis (TB) incidence by 90% and TB-related 

41 deaths by 95% between 2015 and 2035 [1]. While many high burden countries in sub-Saharan 

42 Africa, including Zambia, have demonstrated large reductions in new TB cases and associated 

43 mortality, there remains significant need for improved TB care delivery [2]. TB remains a leading 

44 cause of morbidity and mortality in Zambia, especially among people living with HIV (PLHIV) 

45 [2,3]. In 2019, there were approximately 59,000 new individuals with active TB disease in Zambia 

46 (incidence rate of 333 per 100,000 per year) that resulted in 15,400 TB-related deaths, of which 

47 62% were among PLHIV [2]. Despite substantial declines in TB incidence over the last decade, 

48 Zambia still has the seventh highest TB incidence in sub-Saharan Africa and remains one of 30 

49 WHO high TB burden priority countries [2].

50

51 The HIV “cascade of care” is a public health model that outlines the key engagement steps 

52 required for PLHIV to ultimately achieve an undetectable viral load. This model has been widely 

53 applied by HIV programs globally to inform and strengthen HIV care and delivery and ultimately, 

54 significantly increase the number of PLHIV who know their HIV status, are started on ART and 

55 have suppressed viral loads [4]. Similarly, a national TB care cascade can provide key insights 

56 to identify and quantify gaps in the diagnosis and care of TB patients that could then help guide 

57 programmatic and research priorities by aligning limited resources with the areas of greatest 

58 need [5,6]. However, to-date, only three high burden TB countries - South Africa, India, and 

59 Madagascar - have undertaken and published national-level TB care cascade analyses [7–9].

60

61 We sought to construct a national TB cascade of care for Zambia to evaluate care delivery for 

62 individuals with active TB disease through enumeration of gaps in the overall care cascade in 

63 2018 as well as disaggregated by rifampicin susceptibility results and HIV status. Estimates were 

64 derived using multiple data sources and the overall approach was informed by a recently 

65 published methodology for constructing TB care cascades [6].

66

67
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68 Methods
69 We undertook a retrospective, population-based study to characterize the TB care cascade in 

70 Zambia in 2018. All Zambians estimated to be living with TB in 2018 were included in the 

71 analysis, regardless of age, HIV status, diagnosis status (i.e., diagnosed or undiagnosed TB), 

72 TB drug susceptibility status, or TB-type (i.e., new or retreatment).

73

74 Setting

75 Zambia has an estimated population of 18,400,000 people [10]. It has a high prevalence of HIV 

76 (11.5% among adults aged 15-49 years old), and it is estimated that at least 1.2 million persons 

77 are living with HIV [11]. TB is a major public health problem in Zambia [3]; during the last national 

78 TB prevalence survey conducted in 2013 and 2014, the prevalence of microbiologically-

79 confirmed TB was estimated to be 638 per 100,000 persons and was five-times higher among 

80 HIV-positive individuals compared to HIV-negative individuals [12].  

81

82 Testing and treatment for TB is almost universally provided within Zambia’s public health system. 

83 While exact estimates are not available, likely <1% of all individuals with TB are detected and 

84 managed within Zambia’s private sector and the large majority are reported to Zambia’s National 

85 TB Program (NTP) – this assumption is informed by a national data quality audit conducted in 

86 2019 [13].Within the public health sector, the direct costs of all TB diagnostics and treatment are 

87 provided free of charge. In 2018, Xpert MTB/RIF was the recommended first-line diagnostic for 

88 all individuals undergoing evaluation for possible TB (pulmonary or extra-pulmonary) in Zambia 

89 as well as initial drug-susceptibility testing (DST) [14]; however, it was not universally available 

90 at all facilities, in which case routine TB investigations included acid fast bacilli (AFB) 

91 fluorescence or Ziehl-Neelsen microscopy and chest radiography, where available. Among 

92 those with confirmed rifampicin-resistant (RR) or multidrug-resistant (MDR) TB, it was 

93 recommended that either liquid culture or a molecular line probe assay should be used as follow-

94 on tests for further DST [14]. First line TB treatment was provided to all patients without evidence 

95 of rifampicin-resistance and consisted of isoniazid, rifampicin, ethambutol and pyrazinamide for 

96 6-9 months in conformity with WHO recommendations [15]. In 2018, Zambia began scaling up 

97 shorter treatment regimens comprised of new and repurposed TB drugs for 9-12 months for 
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98 eligible RR- and MDR-TB patients – this accounted for the majority of patients [16,17]; however, 

99 some patients still received longer MDR-TB treatment regimens comprised of several TB drugs, 

100 including an injectable agent, for at least 20 months. 

101

102 In Zambia, patients diagnosed with TB are notified in a paper-based register and initiated on TB 

103 therapy at the corresponding TB treatment facility, which is also responsible for documentation 

104 of the treatment outcome of the patient. Data on diagnostic outcomes (laboratory register), 

105 notifications and treatment outcomes (notification register) are aggregated from each facility 

106 through the district office to the provincial level and then the national level on a monthly basis.

107

108 Ethics
109 Because this was a retrospective, population-level analysis without the use of any patient 

110 identifiers, the University of Zambia Biomedical Research Ethics Committee determined that this 

111 study met the criteria for exempt-status (REF. 001-02-21).

112

113 Patient and public involvement 
114 Patients and the public were not involved in the design and conduct of this analysis. However, 

115 there are plans to disseminate the findings to TB communities through TB stakeholder meetings 

116 with neighborhood health committees, which includes former TB patients and other community 

117 TB advocates.

118

119 TB Cascade Data Sources
120 Several data sources were used to inform estimates within each of the five steps of the care 

121 cascade (Table 1, Supplementary Appendix). To inform estimates of the overall burden of TB 

122 in Zambia in 2018 (Step 1), WHO estimates of TB incidence from 2018 and 2017 were utilized 
123 [18–21]. The proportion of total individuals with TB estimated to be rifampicin-resistant was 

124 derived using estimates from the most recent national survey of TB drug resistance in Zambia 

125 [22]; this source was chosen in order to ground estimates of RR-TB in empiric data, however, 

126 higher-end estimates from the latest Zambian national survey of TB drug resistance in 2008 

127 were used to more closely align with WHO incidence estimates for RR-TB in 2018. Diagnostic 

128 outcomes (Steps 2 and 3) were informed by a nationally aggregated database of TB diagnostics 
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129 from 2018, which includes the number and type of investigations (Xpert or smear microscopy) 

130 and the number of TB patients detected according to type of TB investigation and HIV status. All 

131 treatment outcomes (Steps 4 and 5) were informed by a nationally aggregated TB treatment 

132 register from 2018. 

133

134 Individual level programmatic data from four Zambian Provinces (Eastern, Lusaka, Southern, 

135 Western) regarding all patients investigated for TB and those started on treatment between 

136 January 1st and December 31st 2017 (n=43,896, n=11,814, respectively) was used to determine: 

137 (a) the proportion of patients who had both positive Xpert and smear microscopy results as well 

138 as (b) the proportion of patients who were Xpert or smear-negative, but received empirical TB 

139 therapy. This helped to further refine estimates for Steps 2 and 3 by accounting for and removing 

140 duplicate patients (Supplementary Appendix). Patient-level data was only available from 4 out 

141 of 10 provinces; however, they account for nearly 60% of Zambia’s national TB notifications and 

142 the range of socioeconomic characteristics of individuals as well as their access to healthcare 

143 services are representative of the other 6 provinces [23,24]. Unfortunately, robust data from 

144 2018 to inform these estimates were unavailable – thus, we utilized 2017 data because it was 

145 well-characterized and temporally close to the year for which we sought to characterize the TB 

146 care cascade.

147

148 Diagnostic sensitivity estimates of Xpert [25] and smear microscopy [26,27] for the detection of 

149 TB stratified according to HIV status, as well as Xpert [25], molecular line probe assays [28] and 

150 liquid culture [29] for rifampicin-resistance were informed by previously published systematic 

151 reviews and meta-analyses. 

152

153 TB Cascade Estimation Methods
154 We calculated national-level estimates for each step of the TB care cascade in Zambia in 2018 

155 (Table 1, Supplementary Appendix). This included: Step 1: The total burden of active TB 

156 disease (individuals with prevalent TB in 2018); Step 2: the total number of individuals with TB 

157 who accessed TB testing; Step 3: the total number who were diagnosed with TB; Step 4: the 

158 total number who were notified and started on TB treatment; Step 5: the total number who 

159 successfully completed TB treatment. Each step of the cascade and the overall TB care cascade 
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160 were calculated among all patients and disaggregated according to rifampicin-resistance results 

161 (RR-TB and drug-susceptible TB [DS-TB]) and, among those with DS-TB, by HIV status. There 

162 was insufficient data available to characterize the RR-TB care cascade disaggregated according 

163 to HIV status. RR-TB was defined as the detection of rifampicin resistance on any clinical 

164 specimen using Xpert, molecular line probe assay or liquid culture; this definition therefore 

165 encompassed all patients with MDR-TB and extensively drug resistant TB (XDR-TB). DS-TB 

166 was defined as any TB case without known rifampicin resistance; thus, there is a possibility that 

167 patients with other forms of drug-resistance, including isoniazid monoresistance may have been 

168 included in this definition. However, unless rifampicin resistance is detected, TB drug 

169 susceptibility testing is not routinely performed in Zambia – this reflects the clinical reality of 

170 many high burden TB settings and conforms with WHO recommendations 

171

172 The approach to all estimates followed recommendations outlined in a published set of methods 

173 for constructing national-level TB care cascades [6]. An overview of the approach used to 

174 calculate each step of the TB care cascade is summarized in Table 1 and is described in brief 

175 below; however, a highly detailed summary of all assumptions, calculations, estimates, and data 

176 sources is summarized in the Supplementary Appendix. 

177

178 We first started with Step 4 (the total number of patients who were notified and started on TB 

179 treatment - including new, relapse, treatment after failure, treatment after loss-to-follow-up 

180 patients and other previously treated individuals [30]) and Step 5 (the total number who 

181 successfully completed TB treatment), which were both directly informed by exact values from 

182 aggregated facility-level notification data. Step 3 (the total number who were diagnosed with TB) 

183 was then back calculated from the number of individuals notified (Step 4) and the proportion of 

184 patients who were estimated to have been lost-to-follow-up (LTFU) prior to initiation of TB 

185 therapy (pre-treatment LTFU), which was informed by aggregated facility-level laboratory data. 

186 Step 2 (the total number of individuals with TB who accessed TB testing) was calculated by 

187 adding the number of individuals with TB who would not have been microbiologically diagnosed 

188 due to the incomplete sensitivity of TB diagnostic tests (based upon published reports), corrected 

189 for the number of test-negative TB patients who were empirically diagnosed, to the number of 

190 total TB patients diagnosed (Step 3). The overall approach for Steps 2-5 was similar for both 
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191 DS-TB and RR-TB (Table 1 and Supplementary Appendix). The overall TB burden (all forms) 

192 was estimated using the WHO TB incidence estimate for 2018, plus 50% of the number all 

193 individuals with TB that remained undiagnosed in 2017; a 50% estimate has previously been 

194 utilized and assumed that the remaining 50% of undiagnosed individuals with TB in 2017 either 

195 self-cured or died [8,31]. To determine the total number of individuals with rifampicin resistant 

196 TB (Step 1), we multiplied the overall TB burden by the proportion of all patients who had 

197 rifampicin resistance detected during the Zambian national drug resistance survey [22]. The total 

198 number of individuals with DS-TB was calculated using the total TB burden minus the number 

199 of RR-TB cases. 

200

201 All “gaps” between each step were calculated by taking the difference in the total number of 

202 individuals with TB and the uncertainty estimate (either 95% confidence intervals or range) 

203 between the succeeding and proceeding step. All TB care cascades were depicted graphically 

204 using bar charts representing the absolute number of cases and associated uncertainty 

205 measurement (if applicable). For each step of each cascade, proportions relative the total TB 

206 burden (Step 1) as well as relative to the prior step were calculated. It should be noted that 

207 several steps of the cascade utilized exact numbers from aggregated facility-level programmatic 

208 data (steps 3, 4, and 5); for the purposes of these analyses, data were assumed to be accurate 

209 and complete; however, such data may be incompletely recorded and a small proportion may 

210 be entered incorrectly - estimates of uncertainty around exact values from programmatic data 

211 were unavailable. Furthermore, unique patient identifiers are not available within Zambia’s NTP 

212 and thus this analysis does not present a cohort of individuals that were tracked through each 

213 step of the TB care cascade; while we assumed for the purposes of this analysis that the same 

214 patients were being characterized at each step of the cascade, one cannot exclude the possibility 

215 that different individuals are being captured at different steps of the care cascade.

216

217 Evaluating Diagnostic and Treatment Outcomes
218 To understand any progress that may have underpinned the 2018 TB care cascade, we also 

219 evaluated TB diagnostic and treatment completion trends from 2015 to 2018.  Using facility-level 

220 aggregated laboratory data, we plotted (a) the total number of sputum Xpert tests undertaken 

221 each year against the total number of pulmonary TB cases diagnosed each year, including the 
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222 proportion that was microbiologically confirmed as well as (b) the total number of Xpert tests 

223 undertaken (on any specimen) each year against the total number of RR-TB cases diagnosed 

224 and notified each year. We also plotted the proportion (and corresponding 95% confidence 

225 interval) of TB patients each year who started TB treatment that successfully completed it, 

226 disaggregated according to TB type: (1) new/relapse pulmonary TB – overall (2) HIV-positive 

227 new/relapse pulmonary TB, (3) HIV-negative new/relapse pulmonary TB, (4) retreatment TB not 

228 including individuals who experienced relapse, and (5) extra-pulmonary TB. 

229

230
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231 Results
232

233 Overall National TB Care Cascade for 2018
234 In 2018, the overall burden of TB in Zambia was estimated to comprise 72,495 individuals with 

235 TB (range, 40,495-111,495; Table 2; Figure 1a). Of the total burden of individuals with TB, 

236 43,387 (range, 42,390-44,710; 59.8%) were estimated to have sought care for their TB illness 

237 and undergone microbiologic TB testing. Among these individuals 40,176 (range, 40,128-

238 40,212; proportion of total TB burden - 55.4%) were diagnosed with TB, 36,431 (exact value; 

239 proportion of total TB burden – 50.3%) were notified and initiated on TB therapy and 32,700 

240 (exact value; proportion of total TB burden – 45.1%) completed TB therapy. Therefore, 39,795 

241 (range, 8,191-79,191; 54.9%) of the estimated individuals with TB in 2018 did not complete the 

242 care cascade (Table 3). Individuals who did not seek care for their TB illness or who sought care 

243 but did not undergo microbiological TB testing accounted for 29,108 (range, 0-66,777; 73.1%) 

244 individuals with TB lost along the cascade in 2018 (Table 3); suboptimal empirical diagnosis of 

245 individuals with TB who had negative microbiological test results (due to incomplete diagnostic 

246 sensitivity of these tests) contributed to an additional 3,211 (95%CI, 2,262-4,506; 8.1%) missed 

247 TB cases, losses-to-follow-up prior to TB treatment initiation accounted for 3,745 (95%CI, 3,697-

248 3,781; 9.4%) patients lost, and unfavorable outcomes (loss to follow-up, death, and treatment 

249 failure) prior to TB treatment completion accounted for 3,731 (exact value; 9.4%) patients lost. 

250

251 TB Care Cascade by Drug Susceptibility Result
252 We estimated the burden of individuals with DS-TB in 2018 to be 70,755 (range, 40,009-

253 107,481) - approximately 97.6% of the total TB burden. The DS-TB cascade was largely similar 

254 to the overall TB cascade with 32,304 (exact value; 45.7%) of all individuals being diagnosed 

255 with TB, initiating on and completing TB treatment (Table 2; Figure 1b). The total number of 

256 RR-TB cases was estimated to be 1,740 (range, 486-4,014), or 2.4% of the total TB burden. 

257 Compared to individuals with DS-TB, individuals with RR-TB were substantially less likely to 

258 access microbiological TB testing (52.3% vs. 60.0%, p<0.001), have their TB diagnosed (68.9% 

259 vs. 93.1%, p<0.001), be notified and initiated on TB treatment (81.2% vs. 90.8%, p<0.001) and 

260 to complete TB therapy (77.8% vs. 89.9%, p<0.001) (Figure 1c). Thus, only 396 (exact value; 

261 22.1%) individuals with RR-TB completed the TB care cascade. The majority of those with RR-
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262 TB along the pathways were due to individuals who did not seek care or who did not have access 

263 to TB and/or drug susceptibility testing – accounting for 830 cases (range, 0-2,961; 61.7%, Table 
264 3); however, 283 (95%CI, 149-466; 21.1%) of lost RR-TB cases were among those who 

265 accessed TB testing and had RR-TB missed, 118 (exact value; 8.8%) were among those who 

266 had RR-TB detected but were not notified and started on appropriate TB therapy, and 113 (exact 

267 value; 8.4%) were among those who did not complete RR-TB therapy (Table 3). 

268
269 Drug Susceptible TB Care Cascade by HIV status
270 Of 70,755 individuals with drug-susceptible TB in 2018, 43,411 (range, 23,911-65,911; 61.4%) 

271 were estimated to be among people living with HIV. Compared to patients with DS-TB who were 

272 HIV-negative, HIV-positive patients with DS-TB were less likely to access microbiological TB 

273 testing (57.0 vs. 64.8%, p<0.001) and were less likely to complete TB treatment (88.4% vs. 

274 92.1%, p<0.001). This resulted in a lower overall proportion of HIV-positive patients compared 

275 to HIV-negative patients completing the TB care cascade (42.8% vs. 50.2%, p<0.001; Table 2; 
276 Figures 1d and 1e). For both HIV-positive and HIV-negative patients with DS-TB, the largest 

277 loss in the care cascade was due to patients not accessing microbiological TB testing resulting 

278 in 18,597 (range, 0-40,495; 75.2%) and 10,939 (range, 98-24,620; 70.6%) missed patients, 

279 respectively. 

280

281 TB Diagnosis Trends from 2015 to 2018
282 Between 2015 and 2018 Xpert MTB/RIF was increasingly utilized as the first-line TB diagnostic 

283 tool in Zambia where 24,140 Xpert tests were sent for suspected pulmonary TB in 2015, which 

284 increased to 163,470 sent in 2018 (Figure 2a). During this same period, the number of sputum 

285 AFB smear microscopy investigations decreased from 95,300 in 2015 to 25,323 in 2018. While 

286 there was a small decrease in the absolute number of pulmonary TB cases diagnosed and 

287 notified in 2018 compared to 2015 (31,272 vs. 33,452), the proportion of microbiologically-

288 confirmed TB cases that were notified during that period, substantially increased (56.0% [95CI, 

289 55.5-56.6] vs. 44.1% [95%CI, 43.6-44.7]; Figure 2a). The scale-up of Xpert testing between 

290 2015 and 2018 was also associated with a more than three-fold increase in the annual number 

291 of RR cases detected (627 vs. 196), and more than five-fold increase in the annual number of 

292 RR-TB cases that were notified and started on appropriate TB treatment (509 vs. 99; Figure 
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293 2b). During this period, there was a corresponding reduction in the proportion of RR-TB cases 

294 LTFU prior to the initiation of TB treatment from 49.5% in 2015 to 18.8% in 2018 (p<0.001).

295

296 TB Treatment Completion Trends from 2015 to 2018
297 Finally, we examined trends in the proportion of DS-TB patients who completed TB treatment 

298 once they were notified and initiated on therapy (Figure 3). Among new/relapse pulmonary TB 

299 cases, treatment completion rates steadily increased between 2015 and 2018 (86.2 [95%CI: 

300 85.8-86.6] vs. 90.3% [95%CI: 90.0-90.7]; p<0.001). There was also a trend towards improved 

301 TB treatment completion rates from 2015 to 2018 among retreatment pulmonary TB cases 

302 (84.4% [95%CI: 83.3-85.5] vs. 87.2% [95%CI: 84.5-89.6]; p=0.06), however completion rates 

303 declined from 2017 to 2018 (95.0% [95%CI: 93.4-96.3] vs. 87.2% [95%CI: 84.5-89.6]; p<0.001).  

304 From 2015 to 2018, the proportion of patients with extrapulmonary TB completing TB treatment 

305 also improved (80.3% [95%CI: 79.4-81.1] vs. 87.8% [95%CI: 87.4-89.3]; p<0.001). The 

306 proportion of HIV-positive patients completing TB therapy did not meaningfully change from 

307 2015 to 2018 (87.3% [95%CI: 86.9-87.7] vs. 88.4% [95%CI: 88.0-88.9]; p=0.001). Improvements 

308 in treatment completion rates from 2015 to 2018 were seen among patients who had a negative 

309 or unknown HIV status (82.4% [95%CI: 81.8-82.9] vs. 91.8% [95%CI: 91.4-92.2]; p<0.001) 

310 although, there was a small decline between 2017 and 2018 (93.7% [95%CI: 93.3-94.1] vs. 

311 91.8% [95%CI:91.4-92.2]; p<0.001; Figure 3). In 2018, a lower proportion of HIV-positive TB 

312 patients completed therapy compared to HIV-negative patients (difference 3.4% [95%CI: 2.8-

313 4.0]; p<0.001). Differences in the proportion of patients completing TB therapy according to HIV 

314 status were driven by a higher absolute number and proportion of cases that died or were LTFU 

315 during treatment among HIV-positive individuals compared to HIV-negative individuals 

316 (Supplementary Table 1). 
317
318 Discussion
319
320 In this study we found that less than half of all TB cases in Zambia in 2018 were diagnosed with 

321 TB, initiated on TB treatment and completed therapy. We identified important losses at each 

322 step of the TB care cascade, however, we estimate that more than 40% of all individuals with 

323 TB in Zambia are not accessing microbiological TB testing – this accounted for nearly three-

324 quarters of the estimated number of cases lost throughout the cascade. These results highlight 
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325 important research and programmatic priorities for improving TB care and TB-related outcomes 

326 in Zambia.

327

328 This represents the fourth national TB care cascade that has been characterized from a high 

329 burden TB country and builds upon similar analyses from South Africa, India, and Madagascar 

330 [7–9]. Our overall TB care cascade results are similar to those from these countries that each 

331 found that only about 50% of all TB patients were progressing through all steps of the care 

332 cascade and completing TB treatment. In India the largest losses in the care cascade were 

333 among those who did not access TB testing (28% of all cases) [7], in Madagascar the largest 

334 losses in the cascade were among those who were not diagnosed with TB despite seeking care 

335 and accessing a TB diagnostic facility (26% of all cases) [9], while in South Africa steady losses 

336 were seen prior to TB diagnosis (12% of all cases), prior to starting TB treatment (13% of all 

337 cases) and prior to successful completion of TB therapy (17% of all cases) [8]. In Zambia, 40% 

338 were estimated to have not accessed TB testing, while 4-5% of all TB cases were lost at each 

339 subsequent step of the care cascade. These differences highlight specific programmatic needs 

340 at different steps within the TB care cascade for each country and provides insight into the 

341 unique challenges that they each face.

342

343 Our results are consistent with several TB prevalence surveys suggesting that a large proportion 

344 of individuals with TB face barriers to healthcare seeking, barriers to accessing microbiological 

345 TB testing, or both [32,33]. Unfortunately, we are not able to discern whether the estimated 40% 

346 gap in patients not accessing TB microbiological investigations is predominantly driven by (a) 

347 individuals who fundamentally lacked access to primary health and TB facilities, (b) individuals 

348 who either delayed or never presented to TB testing facilities for evaluation of their illness, or (c) 

349 individuals who sought care at health facilities, but their illness was not suspected to be TB and 

350 thus they never had TB testing undertaken [34]. After onset of symptoms, individuals with 

351 undiagnosed TB may have long and complex journeys to TB care as they often face many 

352 barriers to care-seeking and accessing TB services (e.g., lack of knowledge, lack of social 

353 support, lack of time/finances, TB/HIV-related stigma, cultural and gender norms)  [33,35,36]. In 

354 the last Zambian national TB prevalence survey conducted in 2013 and 2014, only 60% of 

355 previously undiagnosed individuals with TB were symptomatic, of whom 50% had sought care 
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356 for their illness at a health facility [12]. Furthermore, once patients do access healthcare services, 

357 their TB illness may be missed – this has been shown to be a common problem in recent 

358 standardized patient studies conducted in Kenya [37], India [38] , and China [39]. 

359

360 Collectively, this suggests that both community-based and facility-based active TB case finding 

361 strategies, as well as training of healthcare providers to improve recognition of and testing for 

362 TB, are likely to be important to activities to increase detection of individuals with TB in Zambia. 

363 Community-based active TB case finding may help overcome individuals’ barriers to health-

364 seeking and accessing TB services, possibly resulting in a greater absolute number of TB 

365 patients diagnosed and patients who are detected earlier [40–42]. However, effective and 

366 sustainable community-based active TB case finding strategies are not well-described and 

367 represent an urgent TB research need [33,43]. There is strong evidence demonstrating that 

368 facility-based, active TB case finding strategies are efficient and may yield a large number of 

369 cases that would otherwise have been missed, especially in high burden settings [44–47]. A 

370 recent study evaluating a multicomponent active TB case finding strategy in a high burden 

371 primary health care facility in Lusaka, Zambia found that total TB notifications increased by 35% 

372 during the intervention period; of the total TB cases, 91.5% were from facility-based case finding 

373 interventions while 8.5% were from community-based case finding interventions [47]. One 

374 important component of this strategy was the implementation of patient-friendly TB fast-track 

375 points at health facilities that improved access by allowing individuals with TB symptoms to skip 

376 the regular que and undergo rapid screening and testing for TB. Further research is needed to 

377 understand what potential strategies to improve TB care engagement and diagnosis are most 

378 preferred by and acceptable to community members in high-burden settings.

379

380 We estimate that nearly 10% of individuals diagnosed with TB were LTFU prior to the initiation 

381 of TB treatment. Pre-treatment LTFU is common in many high-burden settings as demonstrated 

382 by a systematic review that found that 4-38% (weighted proportion 18%) of TB patients in sub-

383 Saharan Africa were lost at this step in the cascade [48]. This may be accounted for by patients 

384 who died prior to initiation of therapy – a common finding among such patients – and patients 

385 who cannot be traced after diagnosis either due to missing/incorrect contact information, or 

386 because they have moved away. A recent qualitative study among TB patients and health care 
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387 workers (HCW) in India provided further understanding of the factors that may contribute to LTFU 

388 prior to the initiation of TB therapy [49]. The authors identified challenges and constraints related 

389 to organizational and administrative barriers resulting in patient disengagement from TB services 

390 over frustration as well as negative HCW attitudes and behaviors resulting in patient distrust and 

391 feeling that their autonomy had been violated. There is an important need to design, evaluate 

392 and implement strategies that may address patient-level and health system factors and reduce 

393 pre-treatment LTFU [48]. It should be noted that pre-treatment loss-to-follow-up estimates may 

394 be overestimated because they fail to account for individuals who were in fact started on TB 

395 therapy but were not officially registered and therefore never notified to the NTP (under-

396 notification). Zambia’s NTP has recently completed a study to estimate the proportion of patients 

397 who are diagnosed but not notified as well as the proportion of those who are started on 

398 treatment but never reported. This study will yield improved estimates of pre-treatment loss-to-

399 follow-up, which will allow for improved evaluations of programmatic changes that aim to improve 

400 TB diagnosis and linkage to TB treatment and care. 

401

402 We found that important progress has been made in Zambia with regard to microbiological TB 

403 diagnosis and TB treatment completion from 2015 to 2018. During this period there was a 

404 massive effort to scale-up the availability of Xpert MTB/RIF as the first-line TB diagnostic for all 

405 forms of TB. This was associated with a 12% increase in the proportion of TB patients who were 

406 microbiologically-confirmed (2,692 additional annual drug-susceptibility patients). Importantly, 

407 because Xpert also provides rapid simultaneous detection of rifampicin-resistance, its scale-up 

408 was also associated with a three-fold increase in RR-TB patients detected and a five-fold 

409 increase in the number of RR-TB patients who were notified and started on TB treatment.  

410 Zambia is currently preparing to scale-up Xpert Ultra cartridges, which when paired with 

411 continued efforts to decentralize Xpert testing, should allow for further gains in the detection of 

412 HIV-associated TB, extra-pulmonary TB, and RR-TB [50]. There was also evidence of improved 

413 TB treatment completion rates for nearly all forms of TB between 2015 and 2018. While it is 

414 important to recognize progress that has been made, smaller but critically important gaps in the 

415 TB care cascade remain due to missed diagnoses and lack of treatment completion. Further 

416 efforts to expand access to microbiological TB testing and interventions to bolster TB treatment 

417 adherence that are grounded in person-centered care approaches - such as decentralization of 
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418 services coupled with improved education and communication as well as material and 

419 psychological support - are needed [51,52].

420  

421 PLHIV accounted for 60% of DS-TB cases in Zambia and were more likely to be lost at several 

422 steps of the cascade compared to HIV-negative individuals. This finding emphasizes the need 

423 to strengthen HIV-TB collaborative activities [33,53]. Due to non-specific clinical presentations 

424 and radiographic findings, one of the most important challenges to improving HIV-associated TB 

425 outcomes remains TB diagnosis [54]. Non-specific symptoms may delay care-seeking among 

426 PLHIV, and without systematic TB screening among PLHIV presenting to and in-care, the 

427 diagnosis of many TB cases may be further delayed or missed. Systematic screening for TB at 

428 each clinical presentation [55] must be coupled with access to improved microbiological 

429 diagnostic tools such as Xpert Ultra [56] and urine LAM [56,57] testing to facilitate rapid TB 

430 detection and TB treatment initiation in order to minimize pre-treatment loss-to follow-up and 

431 improve clinical outcomes. Compared to HIV-negative patients, HIV-positive patients were less 

432 likely to complete TB therapy, and TB treatment completion rates among PLHIV did not 

433 significantly change over a four-year period from 2015 to 2018. Previously, a study among PLHIV 

434 in Zambia found that a large number of individuals LTFU from HIV services had died and that 

435 programmatic mortality rates were substantially under-reported [23]; this suggests that mortality 

436 among PLHIV LTFU from TB treatment services is high and that TB-related mortality among 

437 PLHIV in Zambia is likely underestimated. The implementation of tailored interventions to 

438 improve adherence to TB treatment [51,58] as well as antiretroviral therapy [59] among this 

439 highly vulnerable population therapy are needed. 

440

441 Notably, we found that less than one quarter of RR-TB cases in 2018 were detected, started on 

442 appropriate treatment and completed appropriate therapy. This was despite improved access to 

443 rapid drug susceptibility via the scale-up of Xpert MTB/RIF testing from 2015 to 2018 and shorter 

444 and simplified drug-resistant TB regimens being introduced in 2018 [16]. The high rate of attrition 

445 of RR-TB patients throughout the care cascade argues for the need for specific investments in 

446 systems strengthening to improve drug resistant TB diagnosis and treatment in Zambia, 

447 mirroring this dire need in most high TB burden countries [19,33,60,61]. One important 

448 contributing factor to the large number of RR-TB patients not accessing DST is the high 
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449 proportion of patients who are being diagnosed clinically and/or on the basis of radiological 

450 findings only – this accounted for approximately 44% of pulmonary TB cases in Zambia in 2018. 

451 Notably, the scale-up of Xpert testing between 2015 to 2018 was associated with a more than 

452 30% reduction in the proportion of RR-/MDR-TB cases that were LTFU after diagnosis and prior 

453 to initiation of treatment – this is likely due to the substantially faster detection of rifampicin 

454 resistance compared to conventional culture-based methods. Collectively, this demonstrates the 

455 importance of continued efforts to expand access to Xpert testing in Zambia in order to facilitate 

456 confirmation of TB diagnoses coupled with rapid detection of rifampicin resistance. While the 

457 implementation of existing diagnostic tools as well as improved DR-TB treatment regimens must 

458 be optimized, there remains a continued need for the development of rapid low-cost drug 

459 susceptibility testing (DST) that can be scaled-up to provide decentralized access to first- and 

460 second-line DST aligned with current treatment recommendations [62], as well as continued 

461 progress towards shorter, less toxic, and more effective DR-TB treatment regimens [63]. 

462

463 This study utilized a validated analysis method [6] incorporating a number of data sources to 

464 derive nationally representative estimates of the TB care cascade in Zambia; however, there 

465 were some limitations. As with other published TB cascades analyses, there is uncertainty 

466 around the estimates, especially the overall number of TB cases. The total burden of TB was 

467 calculated using indirect estimates from modelling that were based upon case notification data 

468 and a prior national TB prevalence survey. We derived a conservative estimate of the total TB 

469 burden that accounted for missed cases from the prior year [8] and that therefore may be a more 

470 appropriate estimate than measurements of TB incidence, which are rarely feasible to directly 

471 estimate [64]. Due to a lack of a unique national patient identifier, we were unable to link specific 

472 individuals with their outcomes as they progressed through the TB care cascade and thus unique 

473 individuals in one step of the cascade may differ from those in the following step; where possible, 

474 we attempted to account for duplicate diagnostic and treatment data, which was uncommon. 

475 Implementation of a unique TB patient identifier, and an improved TB data surveillance program 

476 with enhanced data integration would greatly improve future estimates and allow for real time 

477 individual-level, facility-level, and sub-national-level data to inform program strengthening.

478
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479 Given the potential importance of gender to TB epidemiology [32,65] and potential differential 

480 health-seeking behaviors and access to TB services [36,66,67], we sought to characterize the 

481 TB care cascade among men and women. For example, the prevalence of TB among men in 

482 Zambia’s first national TB prevalence survey in 2013/2014 was almost twice as high as that 

483 among women (833 vs. 487 cases per 100,000 persons) [12] and men with presumptive TB 

484 were less likely to have sought care for their symptoms than women (31.4% vs. 38.4%) [68]. 

485 Unfortunately, sex-disaggregated data sources were not available that would have allowed for 

486 each step of the cascade to be estimated. It is important that TB programs collect sex-

487 disaggregated diagnostic and treatment data to help ensure equity in access and treatment 

488 benefits. Additionally, because core incidence, diagnosis, notification and treatment numbers 

489 are from 2018, we feel our analysis accurately represents the national TB care cascade in 2018; 

490 however, pre-treatment LTFU estimates were informed by patient-level data from 2017 and the 

491 proportion of cases with rifampicin resistance were informed by higher-end estimates from the 

492 most recent national drug resistance survey conducted in 2008 [22]. An updated drug resistance 

493 survey is currently underway and will provide new estimates that will better guide programmatic 

494 priorities. Finally, to our knowledge, there are no locally or regionally-representative estimates 

495 of TB relapse rates after documented TB treatment completion. This is an important quality 

496 metric of individuals’ adherence to therapy as well as TB treatment programs and should be 

497 assessed in future research studies [6].

498

499 In conclusion, in 2018 only 45% of individuals with TB in Zambia completed the TB care cascade, 

500 and most losses were among patients who never accessed TB testing. Additionally, only 22% 

501 of all RR-TB patients successfully completed appropriate TB treatment and HIV-positive patients 

502 had substantially worse TB outcomes compared to HIV-negative patients. Our results suggest 

503 that continued systems-strengthening coupled with patient-centered engagement strategies are 

504 required throughout the TB cascade of care, however, implementation of active TB case finding 

505 strategies coupled with a renewed focus on those with rifampicin-resistance and PLHIV are 

506 urgently needed to improve TB-related outcomes and TB control in Zambia.
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704 Figure Legend
705
706 Figure 1. The tuberculosis care cascade in Zambia in 2018 among: (a) all tuberculosis cases; 
707 (b) drug-susceptible cases; (c) rifampicin-resistant cases; (d) drug-susceptible cases among 
708 HIV-positive individuals; (e) drug-susceptible cases among HIV-negative individuals.
709
710 Figure 2. Diagnoses and notifications of (a) all forms of drug-susceptible pulmonary 
711 tuberculosis in Zambia between 2015 and 2018, and (b) drug-resistant tuberculosis in Zambia 
712 between 2015 and 2018.
713
714 Figure 3. Overview of drug-susceptible tuberculosis treatment outcomes in Zambia between 
715 2015 and 2018, disaggregated according to tuberculosis-type. Shapes represent the 
716 proportion of patients completing tuberculosis treatment. 
717
718
719 Supporting information
720
721 Supplementary Appendix. Estimation methods and calculations used to derive the 
722 tuberculosis care cascade in Zambia in 2018.
723
724
725 Supplementary Table 1. Tuberculosis treatment outcomes in Zambia between 2015 and 2018 
726 according to HIV status.
727
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Table 1. Approach to and data sources for estimating each step of the tuberculosis care cascade in Zambia in 2018. 
Step 1. TB burden Step 2. Accessed tests Step 3. Diagnosed Step 4. Notified 

and treated
Step 5. Successfully 

treated

All TB 
cases

WHO estimates of TB 
incidence in 2018 plus 
50% of the number of 
undetected cases from 

2017 [19,21].

Add the number of missed 
cases to the total number of 

DS-TB cases diagnosed 
(step 3).

Missed cases estimated 
based upon TB test 

sensitivity by HIV status 
(informed by published 

reports [25–27]), corrected 
for the number of patients 
with negative TB tests who 

were empirically treated 
(informed by unpublished 

individual level data from 4 
Zambian provinces in 2017).

Back calculated from number of 
cases notified (step 4) and 

proportion of patients lost-to-
follow-up (LTFU) prior to initiation 

of TB therapy.

Pre-treatment LTFU estimated 
based on difference between 
number of microbiologically 
confirmed DS-PTB cases 

detected (informed by aggregated 
facility-level TB laboratory data 
from 2018 [unpublished]) and 
number of microbiologically 

confirmed DS PTB cases notified 
(informed by aggregated facility-
level TB notification data from 

2018 [unpublished]). 

Exact value from 
aggregated facility-
level TB notification 

data from 2018 
(unpublished).

Add DS-TB and RR-TB cases 
successfully treated.

Rifampicin-
resistant TB 

cases

Overall TB burden 
multiplied by estimated 
proportion of cases with 

rifampicin resistance 
(informed by most 

recent Zambia National 
TB drug resistance 

survey in 2008 [22]).

Back calculated from RR-TB 
cases diagnosed (step 3) on 

the basis of cases 
bacteriologically diagnosed, 

by test type and test 
sensitivity (informed by 

published reports 
[25,28,29]).

Exact value from aggregated 
facility-level TB laboratory data 

from 2018 (unpublished).

Exact value from 
aggregated facility-
level TB notification 

data from 2018 
(unpublished).

Exact value from aggregated 
facility-level TB treatment 
outcomes data from 2018 

(unpublished).

Drug-
susceptible 
TB cases,
all cases

Overall TB burden 
minus RR-TB cases.

Add the number of missed 
cases to the total number of 

DS-TB cases diagnosed 
(step 3).

Missed cases estimated 
based upon TB test 

sensitivity by HIV status 
(informed by published 

reports [25–27]), corrected 
for the number of patients 
with negative TB tests who 

were empirically treated 
(informed by unpublished 

individual level data from 4 
Zambian provinces in 2017).

Back calculated from number of 
DS-TB cases notified (step 4) and 

proportion of LTFU prior to 
initiation of TB therapy.

Pre-treatment LTFU estimated 
based on difference between 
number of microbiologically 
confirmed DS-PTB cases 

detected (informed by aggregated 
facility-level TB laboratory data 
from 2018 [unpublished]) and 
number of microbiologically 

confirmed DS PTB cases notified 
(informed by aggregated facility-
level TB notification data from 

2018 [unpublished]).

Exact value from 
aggregated facility-
level TB notification 

data from 2018 
(unpublished).

Exact value from aggregated 
facility-level TB treatment 
outcomes data from 2018 

(unpublished).

Drug-
susceptible 
TB cases,

WHO 2019 analysis of 
DS-TB incidence in 

2017 plus 50% of the 
number of undetected 

Add the number of missed 
cases of DS-TB among HIV-

positive individuals to the 
total number of DS-TB 

Back calculated from number of 
cases notified (step 4) and 

proportion of patients LTFU prior 
to initiation of TB therapy (pre-

Exact value from 
aggregated facility-
level TB notification 

data from 2018 

Exact value from aggregated 
facility-level TB treatment 
outcomes data from 2018 

(number successfully treated) 
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HIV-positive 
individuals

cases from 2018 
[19,21].

cases diagnosed among 
HIV-positive individuals 

(step 3).

Missed cases estimated 
based upon TB test 

sensitivity in HIV-positive 
individuals, corrected for the 

number of patients with 
negative TB tests who were 
empirically treated ([25,26]).

treatment LTFU assumed to be 
the same independent of HIV 

status).

adjusted for the 
proportion of 

patients without an 
HIV test. 

(unpublished).

adjusted for proportion of 
patients without an HIV test 

(unpublished).

Drug-
susceptible 
TB cases,

HIV-
negative 

individuals

Total number of DS-TB 
cases minus number of 
DS-TB cases among 
HIV-positive individuals.

Total number of DS-TB 
cases who accessed TB 
tests minus the number of 
DS-TB cases who accessed 
TB tests among HIV-positive 
individuals.

Total number of DS-TB cases 
diagnosed minus the number of 
DS-TB cases diagnosed among 

HIV-positive individuals.

Total number of DS-
TB cases notified 
minus the number 
of DS-TB cases 

among HIV-positive 
individuals notified.

Total number of DS-TB cases 
successfully treated minus 

the number of DS-TB cases 
among HIV-positive 

individuals successfully 
treated.
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Table 2. Overview of the tuberculosis care cascade in Zambia in 2018 according to type.

 *Values in parentheses represent ranges, unless explicitly specified as 95% confidence intervals. ^ Value represents the proportion of TB cases relative to the total 
TB burden (Step 1). #Value represents the proportion of TB cases relative to the prior step in the cascade.

Step 1. 
TB burden Step 2. 

Accessed tests
Step 3.  

Diagnosed  Step 4. 
Notified and treated

Step 5. 
Successfully treated

Cases, 
range*

% of 
total 

burden^

Cases, 
range*

% of 
total 

burden^

% 
relative 
to prior 
step#

Cases, 
range*

% of 
total 

burden^

% 
relative 
to prior 
step#

Cases, 
range*

% of 
total 

burden^

% 
relative 
to prior 
step#

Cases, 
range*

% of 
total 

burden^

% 
relative 
to prior 
step#

Overall TB 
Cascade

72,495 
(40,495- 
111,495)

100

43,387
(95%CI: 
42,390-
44,710)

59.8 59.8

40,176
(95%CI: 
40,128- 
40,212)

55.4 92.6 36,431 50.2 90.7 32,700 45.1 89.8

Rifampin-
resistant TB

1,740
(486-4,014) 100

910
(95%CI: 

776-1,093)
52.3 52.3 627 36.0 68.9 509 29.3 81.2 396 22.8 77.8

Drug-
susceptible 
TB, all

70,755 
(40,009-
107,481)

100

42,477
(95%CI: 
41,614-
43,625)

60.0 60.0

39,549
(95%CI: 
39,501-
39,585)

55.9 93.1 35,922 50.8 90.8 32,304 45.7 89.9

HIV-positive, 
drug- 
susceptible 
TB

43,411 
(23,911-
65,911)

100

24,746
(95%CI: 
24,290-
25,349)

57.0 57.0

23,133
(95%CI: 
23,106-
23,154)

53.3 93.5

21,012
(95%CI: 
20,962-
21,064)

48.4 90.8

18,579
(95%CI: 
18,535-
18,625)

42.8 88.4

HIV-negative, 
drug- 
susceptible 
TB

27,344
(16,098-
41,570)

100

17,731
(95%CI: 
17,324-
18,276)

64.8 64.8

16,415
(95%CI: 
16,395-
16,431)

60.0 92.6

14,910
(95%CI: 
14,858-
14,960)

54.5 90.8

13,725
(95%CI: 
13,679-
13,769)

50.2 92.1
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Table 3. Gap analysis of the tuberculosis care cascade in Zambia in 2018 according to type.

*Values in parentheses represent ranges, unless explicitly specified as 95% confidence intervals. ^Proportions are relative to the total number of TB cases 
estimated to have been lost throughout the care cascade. #For rifampicin resistant TB, either the TB diagnosis or the rifampicin resistance was missed.

Overall TB cases lost 
throughout the care 

cascade

Gap 1. Patient did not 
seek care at TB facility 
and/or have TB tests 

sent

Gap 2. TB tests sent, 
but TB missed

Gap 3. TB diagnosed but 
patient not started on TB 

treatment and/or not 
notified

Gap 4. TB treatment 
started, but not 

completed

Cases, 
range*

Proportion 
(%)^

Cases, 
range*

Proportion 
(%)^

Cases, 
range*

Proportion 
(%)^

Cases, 
range*

Proportion 
(%)^

Cases, 
range*

Proportion 
(%)^

Overall TB 
Cascade

39,795
(8,191-
79,191)

100
29,108

(0-
66,777)

73.1

3,211
(95%CI: 
2,262-
4,506)

8.1

3,745
(95%CI: 
3,697-
3,781)

9.4 3,731 9.4

Rifampin-
resistant TB

1,344 
(486-4,014) 100 830

(0-2,921) 61.7
283#

(95%CI: 
149-466)

21.1 118 8.8 113 8.4

Drug-
susceptible 
TB, all

38,451 
(40,009-
107,481)

100
28,278

(0-
63,856)

73.5

2,928
(95%CI: 
2,112-
4,040)

7.6

3,627
(95%CI: 
3,579-
3,663)

9.4 3,618 9.4

HIV-positive, 
drug- 
susceptible 
TB

24,832
(5,376-
47,286)

100
18,597

(0-
40,495)

75.2

1,613
(95%CI: 
1,185-
2,194)

6.5

2,121
(95%CI: 
2,094-
2,142)

8.5

2,379
(95%CI: 
2,337-
2,529)

9.8

HIV-
negative, 
drug- 
susceptible  
TB

13,619
(2,419-
27,801)

100
10,939

(98-
24,620)

70.6

1,315
(95%CI: 

927-
1,846)

9.7

1,505
(95%CI: 
1,486-
1,520)

11.1

1,239
(95%CI: 
1,089-
1,281)

8.7
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 1 

Supplementary Appendix. Estimation methods and calculations used to derive the 
tuberculosis care cascade in Zambia in 2018. 
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 2 

Table 1. Overall TB Care Cascade in Zambia in 2018 

Variable Cases, range Proportion 
(%) 

Estimation method Calculation 

Step 1. TB 
burden 

72,495  
(40,495 - 111,495) 100 

WHO 2019 analysis of TB incidence 
in 2018 plus 50% of the number of 
undetected cases from 2017.1 

• TB incidence, 2018 (all): 60,000 
• TB incidence, 2017 (all): 61,000 
• Case detection rate, 2017: 59.0%  
• Estimated undetected cases 2017: 

24,990  
• 50% of undetected cases who 

have not died/self-cured: 12,495 

Gap 1 29,108  
(0-66,777) 40.2 

Step 1 estimated cases minus Step 
2 estimated cases.  

Step 2. 
Accessed tests 

43,387  
(95%CI: 42,390-44,718) 59.8 

Add DS-TB and RR-TB cases 
that accessed TB testing (see 
Tables 2 and 3 for estimates). 

• DS-TB: 42,477 (95%CI: 41,614-
43,625) 

• RR-TB: 910 (95%CI: 776-1,093) 

Gap 2 3,211  
(95%CI: 2,262-4,506) 4.4 

Step 2 estimated cases minus Step 
3 estimated cases.  

Step 3. 
Diagnosed 

40,176  
(95%CI: 40,128-40,212) 55.4 

Add DS-TB and RR cases 
diagnosed (see Tables 2 and 3 for 
estimates). 

• DS-TB: 39,549 (95%CI: 39,501-
39,585) 

• RR-TB: 627 

Gap 3 3,745 
(95%CI: 3,697-3,781) 5.2 

Step 3 estimated cases minus Step 
4 estimated cases.  

Step 4. Notified 
and treated 36,431 50.2 

Add DS-TB and RR cases 
notified and treated (see Tables 2 
and 3 for estimates). 

• DS-TB: 35,922 
• RR-TB: 509 

Gap 4 3,731 5.1 Step 4 estimated cases minus Step 
5 estimated cases.  

Step 5. 
Successfully 
treated 

32,700 45.1 
Add DS-TB and RR cases 
successfully treated (see Tables 2 
and 3 for estimates). 

• DS-TB: 32,304 
• RR-TB: 396 

1Estimate from: World Health Organization. Tuberculosis data. Available from: https://www.who.int/teams/global-tuberculosis-programme/data. 
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 3 

Table 2a. Drug-susceptible TB Care Cascade in Zambia in 2018 

Variable Cases, range Proportion 
(%) Estimation method Calculation 

Step 1. Overall 
TB burden 70,755 (40,009-107481) 100 

 
Overall TB burden minus RR-TB cases. • TB burden: 72,495 (40,495- 

111,495) 
• RR cases: 1740 (486-4014) 

Gap 1 28,278  
(0-63,856) 40.0 

Step 1 estimated cases minus Step 2 
estimated cases.  

Step 2. 
Accessed tests 

42,477  
(95%CI: 41,614-43,625) 60.0 

Add the number of missed cases to the total 
number of DS-TB cases diagnosed (step 3). 
 
Missed cases estimated based upon TB test 
sensitivity by HIV-status, corrected for the 
number of patients with negative TB tests 
who were empirically treated (Table 2b). 

• Number diagnosed:  39,549 (95%CI: 
39,501-39,585) 

• Number missed: 2,928 (95%CI: 
2,112-4,040) 

Gap 2 2,928  
(95%CI: 2,112-4,040) 4.1 

Step 2 estimated cases minus Step 3 
estimated cases.  

Step 3. 
Diagnosed with 

TB 

39,549  
(95%CI: 39,501-39,585) 55.9 

Back calculated from number of cases 
notified and proportion of patients lost-to-
follow-up prior to initiation of TB therapy. 
 
Pre-treatment LTFU estimated based on 
difference between number of 
microbiologically confirmed DS PTB cases 
detected and number of microbiologically 
confirmed DS PTB cases notified (Table 2c). 

• Pre-treatment LTFU estimate: = 9.2 
(95%CI: 9.1-9.3) 

• Number of patients notified in 2018: 
35,922 

Gap 3 3,627  
(95%CI: 3,579-3,663) 5.1 

Step 3 estimated cases minus Step 4 
estimated cases.  

Step 4. Notified 
and treated for 

TB 
35,922 50.8 Exact value from aggregated facility-level TB 

notification data. 

• All patients with DS-TB who were 
notified and started on treatment 
(including new, relapse, treatment 
after failure, treatment after loss-to-
follow-up patients and other 
previously treated cases). 

Gap 4 3,618 5.1 Step 4 estimated cases minus Step 5 
estimated cases  

Step 5. 
Successfully 

treated for TB. 
32,304  45.7 Exact value from aggregated facility-level TB 

treatment outcomes data. 

• All patients with DS-TB who 
successfully completed TB therapy 
(including new, relapse, treatment 
after failure, treatment after loss-to-
follow-up patients and other 
previously treated cases). 
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 4 

 
 
 
Table 2b. Estimation method for determining number of patients with DS-TB who accessed TB testing in 2018 

Variable HIV-positive HIV-negative Overall 

Total number of all microbiologically-
confirmed TB cases (who therefore 
underwent microbiological tests)1 

8,025 (PTB) + 320 (EPTB) 
= 8,345 

9,803 (PTB)+1,137 (EPTB) 
= 10,940 19,285 

Number of the above who underwent Xpert1 7,320 9,071 16,391 
Number who underwent smear1 1,025 1,869 2,894 

Proportion who underwent smear only 
(were smear-positive but Xpert either not 

done, or negative)2 
96.9% (95%CI: 95.6-98.0) 98.1% (95%CI: 97.1-98.8) 97.7%  

(95%CI:96.9-98.3) 

Number who underwent  
smear only 

1,025 x .969% (95%CI: .956-.980)  
= 993 (95%CI: 980-1,005) 

1,869 x .981% (95%CI: .971-.988) 
= 1,833 (95%CI: 1815-1,847) - 

Sensitivity of Xpert3 81% (95%CI 75-86) 88% (95%CI: 83-92) 85%  
(95%CI: 82-88) 

Cases missed by Xpert 7,320/ .81 (95%CI .75-.86) - 7,320 
= 1,717 (95CI: 1,192-2,440) 

9,071 /.88 (95%CI: .83-.92)- 9,071  
= 1,237 (95%CI: 789-1,858) 

2,594 
(95%CI: 1,980-4,298) 

Sensitivity of smear microscopy4,5 50% (95%CI:42-57) 76% (95%CI: 70-80) - 

Cases missed by smear 993/0.50 (95%CI:0.42-0.57)- 993 
 = 1,025 (95%CI: 773-1,415) 

1,833/0.76 (0.70-0.80)-1,833 
= 590 (95%CI: 467-801) 

1,615 
 (95%CI: 1,240-2,216) 

Total combined cases missed by Xpert and 
smear  2,472 (95CI: 1,965-3,855) 1,827 (95%CI: 1,256-2,659) 4,569  

(95%CI: 3,221-6,514) 
Proportion of patients who had a negative 

Xpert that were empirically treated2 30.6% (95%CI: 28.6-32.7) 22.7% (95%CI:19.8-25.9) 28.9  
(95%CI: 27.2-30.6) 

Negative Xpert / received empiric therapy 
1,717 (95CI: 1,192-2,440) x .306 

(95%CI: .286-.327) 
= 525 (95: 341-798) 

1,237 (95%CI: 789-1,858) x .227 
(95%CI:.198-259)  

= 281 (95%CI: 156-481) 
 

806  
(95%CI: 497-1,279) 
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Proportion of patients who had a negative 
smear that were empirically treated2 58.9% (95%CI: 56.8-61.0) 39.2% (95%CI: 36.9-41.4) 50.1  

(95%CI 48.5-51.6) 

Negative smear / received empiric therapy 
1,025 (95%CI: 773-1,415) x  

.589 (95%CI: .568-.610) 
= 604 (95%CI: 439-863) 

 590 (95%CI: 467-801) x 
.392% (95%CI: .369-.414) 
= 231 (95%CI: 172-332) 

835  
(95%CI: 612-1,195) 

 

Total cases that were negative by Xpert or 
smear that were empirically treated 1,129 (95%CI: 780-1,661) 529 (95%CI: 329-813) 1,641  

(95%CI: 1,109-2,474) 

Total Missed cases 
(Total number of cases missed by Xpert or 

smear minus those were empirically 
treated) 

1,613 (95%CI: 1,185-2,194) 1,315 (95%CI: 927-1,8460 2,928 
(95%CI: 2,112-4,040) 

1Exact value from 2018 national TB laboratory register, 2Estimate from: individual-level TB notification data from 4 provinces in 2017, n=11,814 (unpublished), 3Estimate 
from: Horne DJ, Kohli M, Zifodya JS, et al. Xpert MTB/RIF and Xpert MTB/RIF Ultra for pulmonary tuberculosis and rifampicin resistance in adults. Cochrane Database 
Syst Rev. 2019 Jun 7;6(6):CD009593.4Estimate from: Boehme CC, Nicol MP, Nabeta P, et al. Feasibility, diagnostic accuracy, and effectiveness of decentralised use of 
the Xpert MTB/RIF test for diagnosis of tuberculosis and multidrug resistance: a multicentre implementation study. Lancet 2011; 377:1495–505. 5Estimate from: Steingart 
KR, Henry M, Ng V, et al. Fluorescence versus conventional sputum smear microscopy for tuberculosis: a systematic review. Lancet Infect Dis 2006;6:570–81. 
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Table 2c. Estimation method for determining proportion of patients with pre-treatment lost-to-follow-up. 

Variable Overall 

Unadjusted number of microbiologically-confirmed pulmonary TB 
cases1 19,285 (16,391 Xpert and 2,894 smear) 

Proportion of patients with positive smear who also have a positive 
Xpert result2 2.3% (95%CI 1.7-3.1) 

Number of patients with positive smear who also have a positive 
Xpert result2 

2,894 x .023% (95%CI .017-.031) 
 = 67 (95%CI: 49-90) 

Adjusted number of microbiologically-confirmed PTB cases 
 

(2,894 - 67 (95%CI: 49-90)) +  
19,218 (95%CI: 19,195-19,236) 

Number of patients with microbiologically-confirmed pulmonary TB 
notified in 20183 17,456 

Proportion of all patients with microbiologically-confirmed TB who 
were registered and started TB treatment 90.8 (95%CI: 90.7-90.9) 

Pre-treatment lost-to-follow-up (LTFU) estimate:  100% - 90.8 (95%CI: 90.7-90.9) 
= 9.2% (95%CI: 9.1-9.3) 

1Exact value from 2018 nationally aggregated TB laboratory register, 2Estimate from: individual-level TB notification data from 4 provinces in 2017, n=11,814 
(unpublished).3Exact value from 2018 nationally aggregated TB notification register. 
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Table 3. Rifampicin resistant TB Care Cascade in Zambia in 2018 
Variable Cases, range Proportion (%) Estimation method Calculation 

Step 1. Overall 
TB burden 1,740 (486-4,014) 100 

Overall TB burden multiplied by 
estimated proportion of cases with 
rifampicin resistance. 

• TB burden: 72,495 (40,495-111,495) 
• Overall estimate of RR-TB: 2.4% (95CI: 1.2-3.6)1 

Gap 1 830 (range, 0-2,921) 47.7 
Step 1 estimated cases minus Step 
2 estimated cases.  

Step 2. 
Accessed tests 

910  
(95%CI: 776-1,093) 52.3 

Back calculated from RR 
tuberculosis cases diagnosed on the 
basis of cases bacteriologically 
diagnosed, by test type and test 
sensitivity. 

• RR-TB cases diagnosed: 627 
• RR-TB cases missed: 283 

Gap 2 283  
(95%CI: 149-466) 16.3 

Step 2 estimated cases minus Step 
3 estimated cases.  

Step 3. 
Diagnosed with 
TB 

627 36.0 Exact value from aggregated facility-
level TB laboratory data. • All patients with microbiologically-confirmed RR-TB  

Gap 3 118 6.8 Step 3 estimated cases minus Step 
4 estimated cases.  

Step 4. Notified 
and treated for 
TB 

509 29.3 Exact value from aggregated facility-
level TB notification data. 

• All patients with RR-TB who were notified and started 
on treatment.  

Gap 4 113 6.5 Step 4 estimated cases minus Step 
5 estimated cases.  

Step 5. 
Successfully 
treated for TB 

396 22.8 Exact value from aggregated facility-
level TB treatment outcomes data. 

• The number of RR-TB who were notified and started 
on treatment who were successfully treated. 

1Estimate from: Kapata N, Mbulo G, Cobelens F, et al. The Second Zambian National Tuberculosis Drug Resistance survey - a comparison of conventional and molecular 
methods. Trop Med Int Health. 2015;20(11):1492‐1500. This is the most recent Zambia national drug resistance survey. A higher estimate utilizing MDR-TB Plus chosen 
because it more closely coincides with WHO RR-TB incidence estimates for 2018. 
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Table 3b. Estimation method for determining number of patients with RR-TB who accessed TB testing in 2018 

Variable HIV-positive HIV-negative Overall, No 

Number of laboratory-confirmed RR-
cases - - 627 

Proportion of RR-TB patients notified 
in 2018, by HIV-status.1 59.1% (95CI: 54.6-63.6) 40.9% (95%CI: 36.4-45.4) - 

Number of RR-TB patients 
diagnosed in 2018, by HIV-status 

627 x 59.1% (95CI: 54.6-63.6) 
= 371 (95%CI: 342-399) 

627 x 40.9% (95%CI: 36.4-45.4) 
= 256 (95%CI: 228-285) 627 

Number of RR-cases detected by 
Xpert - - 372 

Number of RR-cases detected by 
Xpert, by HIV-status 

372 x 59.1% (95CI: 54.6-63.6) 
= 220 (95%CI: 203-237) 

372 x 40.9% (95%CI: 36.4-45.4) 
= 152 (95%CI: 135-169) 372 

Combined sensitivity of Xpert for Rif-
Resistance, by HIV status2 

• Sensitivity of Xpert for TB: 81% (95%CI: 
75% to 86%) 

• Sensitivity of Xpert for RIF-resistance: 96% 
(94% to 97%)  

• Overall sensitivity for RR-TB: 
77.8% (95%CI 70.5-83.4) 

 

• Sensitivity of Xpert for TB: 88% (95%CI: 
83% to 92%) 

• Sensitivity of Xpert for RIF-resistance: 96% 
(94% to 97%)  

• Overall sensitivity for RIF-resist TB: 
84.5% (95%CI 78.0-89.2) 

 

- 

RR-cases missed by Xpert 220 (95%CI: 203-237)/ .778 (95%CI .705-
.834) – 220 = 63 (95%CI: 24-116) 

152 (95%CI: 135-169)/ .845 (95%CI .780-
.892) – 152 = 28 (95%CI: 0-64) 91 (95%CI: 23-180) 

Number of RR-cases detected by 
MDR-TB plus - - 135 

Number of RR-cases detected by 
MDR-TB plus, by HIV-status 

135 x 59.1% (95CI: 54.6-63.6) 
= 80 (95%CI: 74-86) 

135 x 40.9% (95%CI: 36.4-45.4 
= 55 (95%CI: 49-61) 135 

Combined sensitivity of MDR-TB 
plus*3 

• Sensitivity of smear for TB: 50% 
(95%CI:42-57) 

• Sensitivity of culture for smear-positive TB: 
100% 

• Sensitivity of MDR-TB plus: 96.9% 
(95CI%:95.5-98.0) 

• Overall sensitivity for RR-TB: 48.5% 
(95%CI: 40.1-55.9) 

• Sensitivity of smear for TB: 76% (95%CI: 
70-80) 

• Sensitivity of culture for smear-positive TB: 
100% 

• Sensitivity of MDR-TB plus: 96.9% 
(95CI%:95.5-98.0) 

• Overall sensitivity for RR-TB: 73.6% 
(95%CI: 66.9-78.4) 

- 

RR-cases missed by MDR-TB plus 80 (95%CI: 74-86) /.485 (95%CI: .401-
.559) - 80 = 85 (95%CI: 52-134) 

55 (95%CI: 49-61) / .736 (95%CI: .669-
.784) - 55 = 20 (95%CI: 7-36) 105 (95%CI: 59-171) 
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Number of RR-cases detected by 
liquid culture (MGIT 960)*4   120 

Number of RR-cases detected by 
liquid culture (MGIT 960)*4, by HIV-

status 
120 x 59.1% (95CI: 54.6-63.6) 

= 71 (95%CI: 66-76) 
120 x 40.9% (95%CI: 36.4-45.4 

= 49 (95%CI: 44-54) 120 

Combined sensitivity of liquid culture 

• Sensitivity of smear for TB: 50% 
(95%CI:42-57) 

• Sensitivity of culture for smear-positive TB: 
100% 

• Sensitivity of liquid culture for RR-TB: 
99.2% (95%CI: 95.9-100) 

• Overall sensitivity for RR-TB: 49.6% (40.3-
57.0) 

• Sensitivity of smear for TB: 50% 
(95%CI:42-57) 

• Sensitivity of culture for smear-positive TB: 
100% 

• Sensitivity of liquid culture for RR-TB: 
99.2% (95%CI: 95.9-100) 

• Overall sensitivity for RR-TB: 75.4 (95%CI: 
67.1-80.0) 

- 

RR-cases missed by liquid culture 
71 (95%CI: 66-76) / .496 (95%CI: .403-.570) 

– 71  
= 72 (95%CI: 61-83) 

43 (95%CI: 49-54) / .754 (95%CI: .671-.800) 
– 43   

= 16 (95%CI: 6-32) 
88 (95%CI: 67-115) 

Total microbiologically-missed cases 63 (95%CI: 24-116) + 85 (95%CI: 52-134) + 
72 (95%CI: 61-83) = 220 (95%CI: 137-333) 

28 (95%CI: 0-64) + 20 (95%CI: 7-36) + 16 
(95%CI: 6-32) = 64 (95%CI: 13-133) 283 (95%CI: 149-466) 

Received empiric therapy* 0 0 0 
Total Missed cases 220 (95%CI: 137-333) 64 (95%CI: 13-133) 283 (95%CI: 149-466) 

1Exact value from 2018 national TB laboratory register. 2Estimate from: Horne DJ, Kohli M, Zifodya JS, et al. Xpert MTB/RIF and Xpert MTB/RIF Ultra for pulmonary 
tuberculosis and rifampicin resistance in adults. Cochrane Database Syst Rev. 2019 Jun 7;6(6):CD009593. 3Estimate from: WHO. The use of molecular line probe assays 
for the detection of resistance to isoniazid and rifampicin. Geneva: WHO; 2016. Available at: https://apps.who.int/iris/bitstream/handle/10665/250586/9789241511261-
eng.pdf?sequence=1, 4Estimated from: Tortoli E, Benedetti M, Fontanelli A, Simonetti MT. Evaluation of automated BACTEC MGIT 960 system for testing susceptibility of 
Mycobacterium tuberculosis to four major antituberculous drugs: comparison with the radiometric BACTEC 460TB method and the agar plate method of proportion. J Clin 
Microbiol. 2002;40(2):607‐610.  
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Table 4. Drug-susceptible TB Care Cascade among HIV-positive individuals in Zambia in 2018 
Variable Cases, range Proportion (%), range Estimation method Calculation 

Step 1. Overall TB 
burden 43,411 (23,911-65,911) 100 

WHO 2019 analysis of TB 
incidence in 2017 plus 50% of the 
number of undetected cases from 
2018.1 

• TB incidence, 2018 (all): 36,000 
(range, 23,000-51,000) 

• TB incidence, 2017 (all): 36,000 
(range, 23,000-51,000) 

• Case detection rate, 2017: 
58.8% (range, 41.5-92.1) 

• Estimated undetected cases 
2017: 14,822 (range, 1,822-
29,822) 

• 50% of undetected cases who 
have not died/self-cured: 7,411 
(range, 911-14,911) 

Gap 1 18,597 (0-40,495) 43.0 Step 1 estimated cases minus 
Step 2 estimated cases.  

Step 2. Accessed 
tests 

24,746 
(95%CI: 24,290-25,349) 57.0 

Add the number of missed cases 
of DS-TB among HIV-positive 
individuals to the total number of 
DS-TB cases diagnosed among 
HIV-positive individuals (step 3). 
 
Missed cases estimated based 
upon TB test sensitivity in HIV-
positive individuals, corrected for 
the number of patients with 
negative TB tests who were 
empirically treated (Table 2b). 

• Number diagnosed: 23,133 
(95CI: 23,106-23,154) 

• Number missed (table 2b): 
1,613 (95%CI: 1,185-2,194) 

Gap 2 1,613  
(95%CI: 1,185-2,194) 3.7 Step 2 estimated cases minus 

Step 3 estimated cases.  

Step 3. Diagnosed 
with TB 

23,133 
(95%CI: 23,106-23,154) 53.3 

Back calculated from number of 
cases notified and proportion of 
patients lost-to-follow-up prior to 
initiation of TB therapy [see Table 
2c]; [assumed to be the same 
independent of HIV-status]. 

• Pre-treatment LTFU estimate: 
9.2% (95%CI: 9.1-9.3) 

• Number of HIV-positive 
patients notified in 2018: 
21,012 (95%CI: 20,962-21,064) 

Gap 3 2,121  
(95%CI: 2,094-2,142) 4.9 Step 3 estimated cases minus 

Step 4 estimated cases.  

Step 4. Notified 
and treated for TB 

21,012 
(95%CI: 20,962-21,064) 48.4 

Exact value from aggregated 
facility-level TB notification data 
adjusted for proportion of patients 
without an HIV test. 

• DS-TB: 19,332 
• Proportion of all notified 

patients who had an HIV test: 
94.9% (95%CI: 94.6-95.1) 
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1Estimate from: World Health Organization. Tuberculosis data. Available from: https://www.who.int/teams/global-tuberculosis-programme/data. 

 
  

Gap 4 2,433 
(95%CI: 2,337-2,529) 5.6 Step 4 estimated cases minus 

Step 5 estimated cases.  

Step 5. 
Successfully 
treated for TB 

18,579 
(95%CI: 18,535-18,625) 42.8 

Exact value from aggregated 
facility-level TB treatment 
outcomes data (number 
successfully treated) adjusted for 
proportion of patients without an 
HIV test. 

• DS-TB: 17,624 
• Proportion of all notified 

patients who had an HIV test: 
94.9% (95%CI: 94.6-95.1) 
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Table 5. Drug-susceptible TB Care Cascade among HIV-negative individuals in Zambia in 2018 
Variable Cases, range Proportion (%) Estimation method Calculation 

Step 1. Overall 
TB burden 

27,344  
(16,098-41,570) 100 

Total number of DS-TB cases 
minus number of DS-TB cases 
among HIV-positive individuals 

• Number of DS-TB cases: 
70,755 (range, 40,009-
107,481) 

• Number of HIV-positive DS-TB 
cases: 43,411 (23,911-65,911) 

Gap 1 10,939 (98-24,620) 35.2 Step 1 estimated cases minus 
Step 2 estimated cases.  

Step 2. 
Accessed tests 

17,731 
(95%CI: 17,324-18,276) 64.8 

Total number of DS-TB cases who 
accesses TB tests minus the 
number of DS-TB cases who 
accessed TB tests among HIV-
positive individuals  

• Number of DS-TB cases that 
accessed tests: 42,477  
(95%CI: 41,614-43,625) 

• Number of HIV-positive DS-TB 
cases diagnosed: 24,746 
(95%CI: 24,290-25,349) 

Gap 2 1,315  
(95%CI: 927-1,846) 4.8 Step 2 estimated cases minus 

Step 3 estimated cases.  

Step 3. 
Diagnosed with 
TB 

16,415  
(95%CI: 16,395-16,431) 60.0 

Total number of DS-TB cases 
diagnosed minus the number of 
DS-TB cases diagnosed among 
HIV-positive individuals  

• Number of DS-TB cases 
diagnosed: 39,549  
(95%CI: 39,501-39,585) 

• Number of HIV-positive DS-TB 
cases diagnosed: 23,133 
(95%CI: 23,106-23,154) 

Gap 3 1,505 
(95%CI: 1,486-1,520) 5.5 Step 3 estimated cases minus 

Step 4 estimated cases.  

Step 4. Notified 
and treated for 
TB 

14,910  
(95%CI: 14,858-14,960) 54.5 

Total number of DS-TB cases 
notified minus the number of DS-
TB cases among HIV-positive 
individuals notified 

• Number of DS-TB cases 
notified: 35,922 

• Number of HIV-positive DS-TB 
cases notified: 21,012 (95%CI: 
20,962-21,064) 

Gap 4 1,185 
(95%CI: 1,089-1,281) 4.3 Step 4 estimated cases minus 

Step 5 estimated cases.  

Step 5. 
Successfully 
treated for TB 

13,725 
(95%CI: 13,679-13,769) 50.2 

Total number of DS-TB cases 
successfully treated minus the 
number of DS-TB cases among 
HIV-positive individuals 
successfully treated 

• Number of DS-TB cases 
treated:  32,304 

• Number of HIV-positive DS-TB 
cases treated: 18,633 
(95%CI: 18,535-18,725) 
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Supplementary Table 1. Tuberculosis treatment outcomes in Zambia between 2015 and 2018 according to HIV-status. 
 
 HIV-positive HIV-negative or unknown HIV status 
 Total 

treatment 
cohort 

Completed 
treatment 

Failed 
treatment 

Died 
during 

treatment 

LTFU 
during 

treatment 

Not 
evaluated 

Total 
treatment 

cohort 

Completed 
treatment 

Failed 
treatment 

Died 
during 

treatment 

LTFU 
during 

treatment 

Not 
evaluated 

2015 20967 18312 
(87.3) 

71 
(0.3) 

1117 
(5.3) 

682 
(3.3) 

785 
(3.7) 20621 16986 

(82.4) 
102 
(0.5) 

1392 
(6.8) 

1168 
(5.7) 

973 
(4.7) 

2016 21655 18541 
(85.6) 

171 
(0.8) 

1354 
(6.3) 

705 
(3.3) 

884 
(4.1) 18498 16481 

(89.1) 
55 

(0.3) 
1058 
(5.7) 

486 
(2.6) 

418 
(2.3) 

2017 20362 17527 
(86.1) 

136 
(0.7) 

1622 
(8.0) 

731 
(3.6) 

346 
(1.7) 16841 15779 

(93.7) 
40 

(0.2) 
569 
(3.4) 

135 
(0.8) 

318 
(1.9) 

2018 19932 17624 
(88.4) 

113 
(0.6) 

1253 
(6.3) 

521 
(2.6) 

421 
(2.1) 15990 14680 

(91.8) 
46 

(0.3) 
745 
(4.7) 

342 
(2.1) 

177 
(1.1) 
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  Item 
No Recommendation Response: 

Title and abstract 

  
  

1 a) Indicate the study’s design with a commonly used term 
in the title or the abstract 

The design is included in the study title – “The tuberculosis care 
cascade in Zambia - identifying the gaps in order to improve 
outcomes:  a population-based analysis.” [p1] 

  b) Provide in the abstract an informative and balanced 
summary of what was done and what was found This is provided (see abstract [p2]. 

Introduction 

Background 2 Explain the scientific background and rationale for the 
investigation being reported 

This is described in the background section (see Background 
section paragraphs 2 and 3 [p4]). 

Objectives 3 State specific objectives, including any prespecified 
hypotheses 

Specific objectives are stated in the background section (see 
Background section paragraph 3 [p4]). 

Methods 

Study design 4  Present key elements of study design early in the paper This is provided (see Methods Section, paragraph 1 [p5]). 

Setting 5 
Describe the setting, locations, and relevant dates, 
including periods of recruitment, exposure, follow-up and 
data collection 

This is provided (see Methods Section, Setting and TB cascade 
data sources sub-sections [p5-7]). 

Participants 
  

6 a) Give the eligibility criteria, and the sources and methods 
of selection of participants. Describe methods of follow-up 

This is provided (see Methods Section, paragraph 1 [p5], and TB 
cascade data sources sub-section[p5-6]) 

  b) For matched studies, give matching criteria and number 
of exposed and unexposed Not applicable. 

Variables 7 
Clearly define all outcomes, exposures, predictors, 
potential confounders, and effect modifiers. Give 
diagnostic criteria if applicable 

 
Outcomes, potential confounders and effect modifiers are 
described in detail (see Methods Section, TB cascade 
estimation methods sub-section [p7-8]). 
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Data sources/ 
measurements 8 

For each variable of interest, give sources of data and 
details of methods of assessment. Describe comparability 
of assessment methods if there is more than one group 

All data sources and methods of obtainment for variables of 
interest are described in detail (see Methods Section, TB 
cascade estimation methods sub-section [p7-8], Table 1 and 
the Supplementary Appendix). 

Bias 9 Describe any efforts to address potential sources of bias 

There are a few potential sources of bias that we discuss. One is 
the use of routine medical records, which may be incompletely 
documented. A second is that this analysis does not represent a 
cohort of individuals followed through each step of the care 
cascade; thus, different individuals may be captured at each step 
of the cascade. We also acknowledge that there is uncertainty 
around estimates (especially, TB incidence and incidence of 
rifampicin-resistance TB). These are discussed in detail (see 
Methods Section, TB cascade data sources sub-section [p6-7] 
and Discussion – paragraphs 9 and 10 [p18-19]).  

Study size 10 Explain how the study size was arrived at 

We sought to include all persons with TB living in Zambia in 
2018 (overall TB burden). We provide detailed information 
regarding how the total TB burden was calculated (TB cascade 
estimation methods sub-section [p7-9]). 

Quantitative 
variables 11 

Explain how quantitative variables were handled in the 
analyses. If applicable, describe which groupings were 
chosen and why 

The analysis approach for all estimates is clearly detailed (see 
Methods Section, TB cascade estimation methods sub-section 
[p7-9], Table 1 and the Supplementary Appendix). 

Statistical methods 12 (a ) Describe all statistical methods, including those used to 
control for confounding 

These details are provided in the methods section (see Methods 
Section, TB cascade estimation methods sub-section, Table 1 
and the Supplementary Appendix). 

    (b ) Describe any methods used to examine subgroups and 
interactions 

 These details are provided in the methods section (see Methods 
Section, TB cascade estimation methods sub-section [p7-9], 
Table 1 and the Supplementary Appendix). 

    (c) Explain how missing data were addressed 

For the purposes of this analysis, data was assumed to be accurate 
and complete. This is described in the methods section (see 
Methods Section, paragraph 1, and TB cascade data sources 
sub-section [p9]). 

    (d ) If applicable, explain how loss to follow-up was 
addressed 

Not applicable; estimating the number and proportion of patients 
lost-to-follow-up between each step of the TB care cascade was 
central to the study design (see Methods Section, TB cascade 
estimation methods sub-section p7-9], Table 1 and the 
Supplementary Appendix and also Table 3). 

    (e ) Describe any sensitivity analyses No sensitivity analyses were conducted. 
Results       
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Participants 13 

(a) Report numbers of individuals at each stage of study—
eg numbers potentially eligible examined for eligibility, 
confirmed eligible, included in the study, completing 
follow-up, and analysed 

This information is described in results section (See Results 
section [p11], Table 2 and Figure 1).  

    (b) Give reasons for non-participation at each stage 

Not directly applicable. The number of individuals reaching each 
step of the cascade and that are lost throughout the cascade are 
characterized in detail (See Results section [p11-12], Tables 2 
and 3). 

    (c) Consider use of a flow diagram 
Not directly applicable. The TB care cascade summarizing the 
number of individuals reaching step of the care cascade is 
characterized in detail (See Results section [p11-12], Figure 1). 

Descriptive Data 14 
(a) Give characteristics of study participants (eg 
demographic, clinical, social) and information on 
exposures and potential confounders 

This information is provided in the results section (See Results 
section [p11-12], Table 2) 

    (b) Indicate number of participants with missing data for 
each variable of interest 

This does not apply. All data were assumed to be accurate and 
complete (see 12c above). 

    (c) Summarise follow-up time (eg, average and total 
amount) This does not apply.  

Outcome data 15 Report numbers of outcome events or summary measures 
over time 

For the main analysis, summary measures are restricted to a single 
year (2018) and are summarized in the results section (See Results 
section [p11-12], Table 2 and Figure 1). For TB diagnostic and 
treatment outcomes between 2015 and 2018 these are also 
summarized in the results section (See Results section, sub-
sections TB Diagnosis Trends from 2015 to 2018 [p12-13] and 
TB Treatment Completion Trends from 2015 to 2018 [p13] and 
as well as corresponding Figures 2 and 3). 

Main Results 16 

(a) Give unadjusted estimates and, if applicable, 
confounder-adjusted estimates and their precision (eg, 95% 
confidence interval). Make clear which confounders were 
adjusted for and why they were included 

All analyses presented are unadjusted.  Estimates were 
determined both overall and disaggregated by HIV status and TB 
drug-susceptibility status (See Results section [p11-13], Tables 1-
3 and Figures 1-3). 

    (b) Report category boundaries when continuous variables 
were categorized  This does not apply as no continuous variable were categorized.  

    (c ) If relevant, consider translating estimates of relative 
risk into absolute risk for a meaningful time period This does not apply.  

Other analyses 17 Report other analyses done—eg analyses of subgroups and 
interactions, and sensitivity analyses 

We present all analyses (including disaggregated analyses) (see 
results section [p11-13]).   

Discussion       
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Key Results 18 Summarise key results with reference to study objectives 
Our discussion section summarizes key results with reference to 
the study objectives defined in the final paragraph of the 
background section (see Discussion Section [p13-19]). 

  19 
Discuss limitations of the study, taking into account 
sources of potential bias or imprecision. Discuss both 
direction and magnitude of any potential bias 

We provide a discussion on limitations and potential sources of 
bias (see Discussion Section, paragraphs 9 and 10 [p18-19]). 

Interpretation 20 
Give a cautious overall interpretation of results considering 
objectives, limitations, multiplicity of analyses, results 
from similar studies, and other relevant evidence 

We have attempted to provide a conservative interpretation of our 
study results in the Discussion section and where appropriate 
linked our results to other published studies (see Discussion 
Section [p13-19]) 

Generalisability 21 Discuss the generalisability (external validity) of the study 
results 

This is described (see Discussion Section, paragraph 10 [p18-
19]). 

Other information       

Funding 22 
 Give the source of funding and the role of the funders for 
the present study and, if applicable, for the original study 
on which the present article is based 

This is described (see section Funding section [p20]).  
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2 Abstract 
3

4 Objectives: Tuberculosis (TB) remains a leading cause of morbidity and mortality in Zambia, 

5 especially for people living with HIV (PLHIV). We undertook a care cascade analysis to quantify 

6 gaps in care and align program improvement measures with areas of need.

7 Design: Retrospective population-based analysis.

8 Setting: We derived national-level estimates for each step of the TB care cascade in Zambia. 

9 Estimates were informed by WHO incidence estimates, nationally aggregated laboratory and 

10 notification registers, and individual-level program data from four provinces. 

11 Participants: All individuals with active TB disease in Zambia in 2018. We characterized the 

12 overall TB cascade and disaggregated by drug-susceptibility results and HIV status. 

13 Results: In 2018, the total burden of TB in Zambia was estimated to be 72,495 (range, 40,495-

14 111,495) cases. Of these, 43,387 (59.8%) accessed TB testing, 40,176 (55.4%) were diagnosed 

15 with TB, 36,431 (50.3%) were started on treatment and 32,700 (45.1%) completed treatment. 

16 Among all persons with TB lost at any step along the care cascade (n=39,795), 29,108 (73.1%) 

17 were lost prior to accessing diagnostic services, 3,211 (8.1%) prior to diagnosis, 3,745 (9.4%) 

18 prior to initiating treatment, and 3,731 (9.4%) prior to treatment completion. PLHIV were less 

19 likely than HIV-negative individuals to successfully complete the care cascade (42.8% vs. 

20 50.2%; p<0.001). Among those with rifampicin-resistant TB, there was substantial attrition at 

21 each step of the cascade and only 22.8% were estimated to have successfully completed 

22 treatment. 

23 Conclusions: Losses throughout the care cascade resulted in a large proportion of individuals 

24 with TB not completing treatment. Ongoing health systems strengthening, and patient-centered 

25 engagement strategies are needed at every step of the care cascade; however, scale-up of 

26 active case finding strategies is particularly critical to ensure individuals with TB in the population 

27 reach initial stages of care. Additionally, a renewed focus on PLHIV and individuals with drug-

28 resistant TB is urgently needed to improve TB-related outcomes in Zambia.
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29 Strengths and limitations of this study

30  The national tuberculosis (TB) care cascade for Zambia in 2018 was characterized in order 

31 to identify gaps in care.

32  The TB care cascade was constructed for all TB patients as well as according to drug-

33 susceptibility result and HIV status. 

34  The analysis was informed by a published set of methodologies and utilized several data 

35 sources to derive estimates.

36  Enhanced TB surveillance programs, including the use of unique TB patient identifiers, 

37 would allow for real-time monitoring and improved estimates to inform programmatic 

38 strengthening.
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39 Background
40 The WHO End TB strategy aims to reduce tuberculosis (TB) incidence by 90% and TB-related 

41 deaths by 95% between 2015 and 2035 [1]. While many high burden countries in sub-Saharan 

42 Africa, including Zambia, have demonstrated large reductions in new TB cases and associated 

43 mortality, there remains significant need for improved TB care delivery [2]. TB remains a leading 

44 cause of morbidity and mortality in Zambia, especially among people living with HIV (PLHIV) 

45 [2,3]. In 2019, there were approximately 59,000 new individuals with active TB disease in Zambia 

46 (incidence rate of 333 per 100,000 per year) that resulted in 15,400 TB-related deaths, of which 

47 62% were among PLHIV [2]. Despite substantial declines in TB incidence over the last decade, 

48 Zambia still has the seventh highest TB incidence in sub-Saharan Africa and remains one of 30 

49 WHO high TB burden priority countries [2].

50

51 The HIV “cascade of care” is a public health model that outlines the key engagement steps 

52 required for PLHIV to ultimately achieve an undetectable viral load. This model has been widely 

53 applied by HIV programs globally to inform and strengthen HIV care and delivery and ultimately, 

54 significantly increase the number of PLHIV who know their HIV status, are started on ART and 

55 have suppressed viral loads [4]. Similarly, a national TB care cascade can provide key insights 

56 to identify and quantify gaps in the diagnosis and care of TB patients that could then help guide 

57 programmatic and research priorities by aligning limited resources with the areas of greatest 

58 need [5,6]. However, to-date, only three high burden TB countries - South Africa, India, and 

59 Madagascar - have undertaken and published national-level TB care cascade analyses [7–9].

60

61 We sought to construct a national TB cascade of care for Zambia to evaluate care delivery for 

62 individuals with active TB disease through enumeration of gaps in the overall care cascade in 

63 2018 as well as disaggregated by rifampicin susceptibility results and HIV status. Estimates were 

64 derived using multiple data sources and the overall approach was informed by a recently 

65 published methodology for constructing TB care cascades [6].

66

67
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68 Methods
69

70 Study design

71 We undertook a retrospective, population-based study to characterize the TB care cascade in 

72 Zambia in 2018. All Zambians estimated to be living with TB in 2018 were included in the 

73 analysis, regardless of age, HIV status, diagnosis status (i.e., diagnosed or undiagnosed TB), 

74 TB drug susceptibility status, or TB-type (i.e., new or retreatment).

75

76 Setting

77 Zambia has an estimated population of 18,400,000 people [10]. It has a high prevalence of HIV 

78 (11.5% among adults aged 15-49 years old), and it is estimated that at least 1.2 million persons 

79 are living with HIV [11]. TB is a major public health problem in Zambia [3]; during the last national 

80 TB prevalence survey conducted in 2013 and 2014, the prevalence of microbiologically-

81 confirmed TB was estimated to be 638 per 100,000 persons and was five-times higher among 

82 HIV-positive individuals compared to HIV-negative individuals [12].  

83

84 Testing and treatment for TB is almost universally provided within Zambia’s public health system. 

85 While exact estimates are not available, likely <1% of all individuals with TB are detected and 

86 managed within Zambia’s private sector and the large majority are reported to Zambia’s National 

87 TB Program (NTP) – this assumption is informed by a national data quality audit conducted in 

88 2019 [13].Within the public health sector, the direct costs of all TB diagnostics and treatment are 

89 provided free of charge. In 2018, Xpert MTB/RIF was the recommended first-line diagnostic for 

90 all individuals undergoing evaluation for possible TB (pulmonary or extra-pulmonary) in Zambia 

91 as well as initial drug-susceptibility testing (DST) [14]; however, it was not universally available 

92 at all facilities, in which case routine TB investigations included acid fast bacilli (AFB) 

93 fluorescence or Ziehl-Neelsen microscopy and chest radiography, where available. Among 

94 those with confirmed rifampicin-resistant (RR) or multidrug-resistant (MDR) TB, it was 

95 recommended that either liquid culture or a molecular line probe assay should be used as follow-

96 on tests for further DST [14]. First line TB treatment was provided to all patients without evidence 

97 of rifampicin-resistance and consisted of isoniazid, rifampicin, ethambutol and pyrazinamide for 
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98 6-9 months in conformity with WHO recommendations [15]. In 2018, Zambia began scaling up 

99 shorter treatment regimens comprised of new and repurposed TB drugs for 9-12 months for 

100 eligible RR- and MDR-TB patients – this accounted for the majority of patients [16,17]; however, 

101 some patients still received longer MDR-TB treatment regimens comprised of several TB drugs, 

102 including an injectable agent, for at least 20 months. 

103

104 In Zambia, patients diagnosed with TB are notified in a paper-based register and initiated on TB 

105 therapy at the corresponding TB treatment facility, which is also responsible for documentation 

106 of the treatment outcome of the patient. Data on diagnostic outcomes (laboratory register), 

107 notifications and treatment outcomes (notification register) are aggregated from each facility 

108 through the district office to the provincial level and then the national level on a monthly basis.

109

110 TB Cascade Data Sources

111 Several data sources were used to inform estimates within each of the five steps of the care 

112 cascade (Table 1, Supplementary Appendix). To inform estimates of the overall burden of TB 

113 in Zambia in 2018 (Step 1), WHO estimates of TB incidence from 2018 and 2017 were utilized 
114 [18–21]. The proportion of total individuals with TB estimated to be rifampicin-resistant was 

115 derived using estimates from the most recent national survey of TB drug resistance in Zambia 

116 [22]; this source was chosen in order to ground estimates of RR-TB in empiric data, however, 

117 higher-end estimates from the latest Zambian national survey of TB drug resistance in 2008 

118 were used to more closely align with WHO incidence estimates for RR-TB in 2018. Diagnostic 

119 outcomes (Steps 2 and 3) were informed by a nationally aggregated database of TB diagnostics 

120 from 2018, which includes the number and type of investigations (Xpert or smear microscopy) 

121 and the number of TB patients detected according to type of TB investigation and HIV status. All 

122 treatment outcomes (Steps 4 and 5) were informed by a nationally aggregated TB treatment 

123 register from 2018. 

124

125 Individual level programmatic data from four Zambian Provinces (Eastern, Lusaka, Southern, 

126 Western) regarding all patients investigated for TB and those started on treatment between 

127 January 1st and December 31st 2017 (n=43,896, n=11,814, respectively) was used to determine: 

128 (a) the proportion of patients who had both positive Xpert and smear microscopy results as well 
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129 as (b) the proportion of patients who were Xpert or smear-negative, but received empirical TB 

130 therapy. This helped to further refine estimates for Steps 2 and 3 by accounting for and removing 

131 duplicate patients (Supplementary Appendix). Patient-level data was only available from 4 out 

132 of 10 provinces; however, they account for nearly 60% of Zambia’s national TB notifications and 

133 the range of socioeconomic characteristics of individuals as well as their access to healthcare 

134 services are representative of the other 6 provinces [23,24]. Unfortunately, robust data from 

135 2018 to inform these estimates were unavailable – thus, we utilized 2017 data because it was 

136 well-characterized and temporally close to the year for which we sought to characterize the TB 

137 care cascade.

138

139 Diagnostic sensitivity estimates of Xpert [25] and smear microscopy [26,27] for the detection of 

140 TB stratified according to HIV status, as well as Xpert [25], molecular line probe assays [28] and 

141 liquid culture [29] for rifampicin-resistance were informed by previously published systematic 

142 reviews and meta-analyses. 

143

144 TB Cascade Estimation Methods

145 We calculated national-level estimates for each step of the TB care cascade in Zambia in 2018 

146 (Table 1, Supplementary Appendix). This included: Step 1: The total burden of active TB 

147 disease (individuals with prevalent TB in 2018); Step 2: the total number of individuals with TB 

148 who accessed TB testing; Step 3: the total number who were diagnosed with TB; Step 4: the 

149 total number who were notified and started on TB treatment; Step 5: the total number who 

150 successfully completed TB treatment. Each step of the cascade and the overall TB care cascade 

151 were calculated among all patients and disaggregated according to rifampicin-resistance results 

152 (RR-TB and drug-susceptible TB [DS-TB]) and, among those with DS-TB, by HIV status. There 

153 was insufficient data available to characterize the RR-TB care cascade disaggregated according 

154 to HIV status. RR-TB was defined as the detection of rifampicin resistance on any clinical 

155 specimen using Xpert, molecular line probe assay or liquid culture; this definition therefore 

156 encompassed all patients with MDR-TB and extensively drug resistant TB (XDR-TB). DS-TB 

157 was defined as any TB case without known rifampicin resistance; thus, there is a possibility that 

158 patients with other forms of drug-resistance, including isoniazid monoresistance may have been 

159 included in this definition. However, unless rifampicin resistance is detected, TB drug 

Page 8 of 50

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

160 susceptibility testing is not routinely performed in Zambia – this reflects the clinical reality of 

161 many high burden TB settings and conforms with WHO recommendations 

162

163 The approach to all estimates followed recommendations outlined in a published set of methods 

164 for constructing national-level TB care cascades [6]. An overview of the approach used to 

165 calculate each step of the TB care cascade is summarized in Table 1 and is described in brief 

166 below; however, a highly detailed summary of all assumptions, calculations, estimates, and data 

167 sources is summarized in the Supplementary Appendix. 

168

169 We first started with Step 4 (the total number of patients who were notified and started on TB 

170 treatment - including new, relapse, treatment after failure, treatment after loss-to-follow-up 

171 patients and other previously treated individuals [30]) and Step 5 (the total number who 

172 successfully completed TB treatment), which were both directly informed by exact values from 

173 aggregated facility-level notification data. Step 3 (the total number who were diagnosed with TB) 

174 was then back calculated from the number of individuals notified (Step 4) and the proportion of 

175 patients who were estimated to have been lost-to-follow-up (LTFU) prior to initiation of TB 

176 therapy (pre-treatment LTFU), which was informed by aggregated facility-level laboratory data. 

177 Step 2 (the total number of individuals with TB who accessed TB testing) was calculated by 

178 adding the number of individuals with TB who would not have been microbiologically diagnosed 

179 due to the incomplete sensitivity of TB diagnostic tests (based upon published reports), corrected 

180 for the number of test-negative TB patients who were empirically diagnosed, to the number of 

181 total TB patients diagnosed (Step 3). The overall approach for Steps 2-5 was similar for both 

182 DS-TB and RR-TB (Table 1 and Supplementary Appendix). The overall TB burden (all forms) 

183 was estimated using the WHO TB incidence estimate for 2018, plus 50% of the number all 

184 individuals with TB that remained undiagnosed in 2017; a 50% estimate has previously been 

185 utilized and assumed that the remaining 50% of undiagnosed individuals with TB in 2017 either 

186 self-cured or died [8,31]. To determine the total number of individuals with rifampicin resistant 

187 TB (Step 1), we multiplied the overall TB burden by the proportion of all patients who had 

188 rifampicin resistance detected during the Zambian national drug resistance survey [22]. The total 

189 number of individuals with DS-TB was calculated using the total TB burden minus the number 

190 of RR-TB cases. 
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191

192 All “gaps” between each step were calculated by taking the difference in the total number of 

193 individuals with TB and the uncertainty estimate (either 95% confidence intervals or range) 

194 between the succeeding and proceeding step. All TB care cascades were depicted graphically 

195 using bar charts representing the absolute number of cases and associated uncertainty 

196 measurement (if applicable). For each step of each cascade, proportions relative the total TB 

197 burden (Step 1) as well as relative to the prior step were calculated. It should be noted that 

198 several steps of the cascade utilized exact numbers from aggregated facility-level programmatic 

199 data (steps 3, 4, and 5); for the purposes of these analyses, data were assumed to be accurate 

200 and complete; however, such data may be incompletely recorded and a small proportion may 

201 be entered incorrectly - estimates of uncertainty around exact values from programmatic data 

202 were unavailable. Furthermore, unique patient identifiers are not available within Zambia’s NTP 

203 and thus this analysis does not present a cohort of individuals that were tracked through each 

204 step of the TB care cascade; while we assumed for the purposes of this analysis that the same 

205 patients were being characterized at each step of the cascade, one cannot exclude the possibility 

206 that different individuals are being captured at different steps of the care cascade.

207

208 Evaluating Diagnostic and Treatment Outcomes

209 To understand any progress that may have underpinned the 2018 TB care cascade, we also 

210 evaluated TB diagnostic and treatment completion trends from 2015 to 2018.  Using facility-level 

211 aggregated laboratory data, we plotted (a) the total number of sputum Xpert tests undertaken 

212 each year against the total number of pulmonary TB cases diagnosed each year, including the 

213 proportion that was microbiologically confirmed as well as (b) the total number of Xpert tests 

214 undertaken (on any specimen) each year against the total number of RR-TB cases diagnosed 

215 and notified each year. We also plotted the proportion (and corresponding 95% confidence 

216 interval) of TB patients each year who started TB treatment that successfully completed it, 

217 disaggregated according to TB type: (1) new/relapse pulmonary TB – overall (2) HIV-positive 

218 new/relapse pulmonary TB, (3) HIV-negative new/relapse pulmonary TB, (4) retreatment TB not 

219 including individuals who experienced relapse, and (5) extra-pulmonary TB. 

220

221
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222 Results
223

224 Overall National TB Care Cascade for 2018

225 In 2018, the overall burden of TB in Zambia was estimated to comprise 72,495 individuals with 

226 TB (range, 40,495-111,495; Table 2; Figure 1a). Of the total burden of individuals with TB, 

227 43,387 (range, 42,390-44,710; 59.8%) were estimated to have sought care for their TB illness 

228 and undergone microbiologic TB testing. Among these individuals 40,176 (range, 40,128-

229 40,212; proportion of total TB burden - 55.4%) were diagnosed with TB, 36,431 (exact value; 

230 proportion of total TB burden – 50.3%) were notified and initiated on TB therapy and 32,700 

231 (exact value; proportion of total TB burden – 45.1%) completed TB therapy. Therefore, 39,795 

232 (range, 8,191-79,191; 54.9%) of the estimated individuals with TB in 2018 did not complete the 

233 care cascade (Table 3). Individuals who did not seek care for their TB illness or who sought care 

234 but did not undergo microbiological TB testing accounted for 29,108 (range, 0-66,777; 73.1%) 

235 individuals with TB lost along the cascade in 2018 (Table 3); suboptimal empirical diagnosis of 

236 individuals with TB who had negative microbiological test results (due to incomplete diagnostic 

237 sensitivity of these tests) contributed to an additional 3,211 (95%CI, 2,262-4,506; 8.1%) missed 

238 TB cases, losses-to-follow-up prior to TB treatment initiation accounted for 3,745 (95%CI, 3,697-

239 3,781; 9.4%) patients lost, and unfavorable outcomes (loss to follow-up, death, and treatment 

240 failure) prior to TB treatment completion accounted for 3,731 (exact value; 9.4%) patients lost. 

241

242 TB Care Cascade by Drug Susceptibility Result

243 We estimated the burden of individuals with DS-TB in 2018 to be 70,755 (range, 40,009-

244 107,481) - approximately 97.6% of the total TB burden. The DS-TB cascade was largely similar 

245 to the overall TB cascade with 32,304 (exact value; 45.7%) of all individuals being diagnosed 

246 with TB, initiating on and completing TB treatment (Table 2; Figure 1b). The total number of 

247 RR-TB cases was estimated to be 1,740 (range, 486-4,014), or 2.4% of the total TB burden. 

248 Compared to individuals with DS-TB, individuals with RR-TB were substantially less likely to 

249 access microbiological TB testing (52.3% vs. 60.0%, p<0.001), have their TB diagnosed (68.9% 

250 vs. 93.1%, p<0.001), be notified and initiated on TB treatment (81.2% vs. 90.8%, p<0.001) and 

251 to complete TB therapy (77.8% vs. 89.9%, p<0.001) (Figure 1c). Thus, only 396 (exact value; 

252 22.1%) individuals with RR-TB completed the TB care cascade. The majority of those with RR-
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253 TB along the pathways were due to individuals who did not seek care or who did not have access 

254 to TB and/or drug susceptibility testing – accounting for 830 cases (range, 0-2,961; 61.7%, Table 
255 3); however, 283 (95%CI, 149-466; 21.1%) of lost RR-TB cases were among those who 

256 accessed TB testing and had RR-TB missed, 118 (exact value; 8.8%) were among those who 

257 had RR-TB detected but were not notified and started on appropriate TB therapy, and 113 (exact 

258 value; 8.4%) were among those who did not complete RR-TB therapy (Table 3). 

259
260 Drug Susceptible TB Care Cascade by HIV status

261 Of 70,755 individuals with drug-susceptible TB in 2018, 43,411 (range, 23,911-65,911; 61.4%) 

262 were estimated to be among people living with HIV. Compared to patients with DS-TB who were 

263 HIV-negative, HIV-positive patients with DS-TB were less likely to access microbiological TB 

264 testing (57.0 vs. 64.8%, p<0.001) and were less likely to complete TB treatment (88.4% vs. 

265 92.1%, p<0.001). This resulted in a lower overall proportion of HIV-positive patients compared 

266 to HIV-negative patients completing the TB care cascade (42.8% vs. 50.2%, p<0.001; Table 2; 
267 Figures 1d and 1e). For both HIV-positive and HIV-negative patients with DS-TB, the largest 

268 loss in the care cascade was due to patients not accessing microbiological TB testing resulting 

269 in 18,597 (range, 0-40,495; 75.2%) and 10,939 (range, 98-24,620; 70.6%) missed patients, 

270 respectively. 

271

272 TB Diagnosis Trends from 2015 to 2018

273 Between 2015 and 2018 Xpert MTB/RIF was increasingly utilized as the first-line TB diagnostic 

274 tool in Zambia where 24,140 Xpert tests were sent for suspected pulmonary TB in 2015, which 

275 increased to 163,470 sent in 2018 (Figure 2a). During this same period, the number of sputum 

276 AFB smear microscopy investigations decreased from 95,300 in 2015 to 25,323 in 2018. While 

277 there was a small decrease in the absolute number of pulmonary TB cases diagnosed and 

278 notified in 2018 compared to 2015 (31,272 vs. 33,452), the proportion of microbiologically-

279 confirmed TB cases that were notified during that period, substantially increased (56.0% [95CI, 

280 55.5-56.6] vs. 44.1% [95%CI, 43.6-44.7]; Figure 2a). The scale-up of Xpert testing between 

281 2015 and 2018 was also associated with a more than three-fold increase in the annual number 

282 of RR cases detected (627 vs. 196), and more than five-fold increase in the annual number of 

283 RR-TB cases that were notified and started on appropriate TB treatment (509 vs. 99; Figure 
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284 2b). During this period, there was a corresponding reduction in the proportion of RR-TB cases 

285 LTFU prior to the initiation of TB treatment from 49.5% in 2015 to 18.8% in 2018 (p<0.001).

286

287 TB Treatment Completion Trends from 2015 to 2018

288 Finally, we examined trends in the proportion of DS-TB patients who completed TB treatment 

289 once they were notified and initiated on therapy (Figure 3). Among new/relapse pulmonary TB 

290 cases, treatment completion rates steadily increased between 2015 and 2018 (86.2 [95%CI: 

291 85.8-86.6] vs. 90.3% [95%CI: 90.0-90.7]; p<0.001). There was also a trend towards improved 

292 TB treatment completion rates from 2015 to 2018 among retreatment pulmonary TB cases 

293 (84.4% [95%CI: 83.3-85.5] vs. 87.2% [95%CI: 84.5-89.6]; p=0.06), however completion rates 

294 declined from 2017 to 2018 (95.0% [95%CI: 93.4-96.3] vs. 87.2% [95%CI: 84.5-89.6]; p<0.001).  

295 From 2015 to 2018, the proportion of patients with extrapulmonary TB completing TB treatment 

296 also improved (80.3% [95%CI: 79.4-81.1] vs. 87.8% [95%CI: 87.4-89.3]; p<0.001). The 

297 proportion of HIV-positive patients completing TB therapy did not meaningfully change from 

298 2015 to 2018 (87.3% [95%CI: 86.9-87.7] vs. 88.4% [95%CI: 88.0-88.9]; p=0.001). Improvements 

299 in treatment completion rates from 2015 to 2018 were seen among patients who had a negative 

300 or unknown HIV status (82.4% [95%CI: 81.8-82.9] vs. 91.8% [95%CI: 91.4-92.2]; p<0.001) 

301 although, there was a small decline between 2017 and 2018 (93.7% [95%CI: 93.3-94.1] vs. 

302 91.8% [95%CI:91.4-92.2]; p<0.001; Figure 3). In 2018, a lower proportion of HIV-positive TB 

303 patients completed therapy compared to HIV-negative patients (difference 3.4% [95%CI: 2.8-

304 4.0]; p<0.001). Differences in the proportion of patients completing TB therapy according to HIV 

305 status were driven by a higher absolute number and proportion of cases that died or were LTFU 

306 during treatment among HIV-positive individuals compared to HIV-negative individuals 

307 (Supplementary Table 1). 
308
309 Discussion
310
311 In this study we found that less than half of all TB cases in Zambia in 2018 were diagnosed with 

312 TB, initiated on TB treatment and completed therapy. We identified important losses at each 

313 step of the TB care cascade, however, we estimate that more than 40% of all individuals with 

314 TB in Zambia are not accessing microbiological TB testing – this accounted for nearly three-

315 quarters of the estimated number of cases lost throughout the cascade. These results highlight 
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316 important research and programmatic priorities for improving TB care and TB-related outcomes 

317 in Zambia.

318

319 This represents the fourth national TB care cascade that has been characterized from a high 

320 burden TB country and builds upon similar analyses from South Africa, India, and Madagascar 

321 [7–9]. Our overall TB care cascade results are similar to those from these countries that each 

322 found that only about 50% of all TB patients were progressing through all steps of the care 

323 cascade and completing TB treatment. In India the largest losses in the care cascade were 

324 among those who did not access TB testing (28% of all cases) [7], in Madagascar the largest 

325 losses in the cascade were among those who were not diagnosed with TB despite seeking care 

326 and accessing a TB diagnostic facility (26% of all cases) [9], while in South Africa steady losses 

327 were seen prior to TB diagnosis (12% of all cases), prior to starting TB treatment (13% of all 

328 cases) and prior to successful completion of TB therapy (17% of all cases) [8]. In Zambia, 40% 

329 were estimated to have not accessed TB testing, while 4-5% of all TB cases were lost at each 

330 subsequent step of the care cascade. These differences highlight specific programmatic needs 

331 at different steps within the TB care cascade for each country and provides insight into the 

332 unique challenges that they each face.

333

334 Our results are consistent with several TB prevalence surveys suggesting that a large proportion 

335 of individuals with TB face barriers to healthcare seeking, barriers to accessing microbiological 

336 TB testing, or both [32,33]. Unfortunately, we are not able to discern whether the estimated 40% 

337 gap in patients not accessing TB microbiological investigations is predominantly driven by (a) 

338 individuals who fundamentally lacked access to primary health and TB facilities, (b) individuals 

339 who either delayed or never presented to TB testing facilities for evaluation of their illness, or (c) 

340 individuals who sought care at health facilities, but their illness was not suspected to be TB and 

341 thus they never had TB testing undertaken [34]. After onset of symptoms, individuals with 

342 undiagnosed TB may have long and complex journeys to TB care as they often face many 

343 barriers to care-seeking and accessing TB services (e.g., lack of knowledge, lack of social 

344 support, lack of time/finances, TB/HIV-related stigma, cultural and gender norms)  [33,35,36]. In 

345 the last Zambian national TB prevalence survey conducted in 2013 and 2014, only 60% of 

346 previously undiagnosed individuals with TB were symptomatic, of whom 50% had sought care 
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347 for their illness at a health facility [12]. Furthermore, once patients do access healthcare services, 

348 their TB illness may be missed – this has been shown to be a common problem in recent 

349 standardized patient studies conducted in Kenya [37], India [38] , and China [39]. 

350

351 Collectively, this suggests that both community-based and facility-based active TB case finding 

352 strategies, as well as training of healthcare providers to improve recognition of and testing for 

353 TB, are likely to be important to activities to increase detection of individuals with TB in Zambia. 

354 Community-based active TB case finding may help overcome individuals’ barriers to health-

355 seeking and accessing TB services, possibly resulting in a greater absolute number of TB 

356 patients diagnosed and patients who are detected earlier [40–42]. However, effective and 

357 sustainable community-based active TB case finding strategies are not well-described and 

358 represent an urgent TB research need [33,43]. There is strong evidence demonstrating that 

359 facility-based, active TB case finding strategies are efficient and may yield a large number of 

360 cases that would otherwise have been missed, especially in high burden settings [44–47]. A 

361 recent study evaluating a multicomponent active TB case finding strategy in a high burden 

362 primary health care facility in Lusaka, Zambia found that total TB notifications increased by 35% 

363 during the intervention period; of the total TB cases, 91.5% were from facility-based case finding 

364 interventions while 8.5% were from community-based case finding interventions [47]. One 

365 important component of this strategy was the implementation of patient-friendly TB fast-track 

366 points at health facilities that improved access by allowing individuals with TB symptoms to skip 

367 the regular que and undergo rapid screening and testing for TB. Further research is needed to 

368 understand what potential strategies to improve TB care engagement and diagnosis are most 

369 preferred by and acceptable to community members in high-burden settings.

370

371 We estimate that nearly 10% of individuals diagnosed with TB were LTFU prior to the initiation 

372 of TB treatment. Pre-treatment LTFU is common in many high-burden settings as demonstrated 

373 by a systematic review that found that 4-38% (weighted proportion 18%) of TB patients in sub-

374 Saharan Africa were lost at this step in the cascade [48]. This may be accounted for by patients 

375 who died prior to initiation of therapy – a common finding among such patients – and patients 

376 who cannot be traced after diagnosis either due to missing/incorrect contact information, or 

377 because they have moved away. A recent qualitative study among TB patients and health care 
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378 workers (HCW) in India provided further understanding of the factors that may contribute to LTFU 

379 prior to the initiation of TB therapy [49]. The authors identified challenges and constraints related 

380 to organizational and administrative barriers resulting in patient disengagement from TB services 

381 over frustration as well as negative HCW attitudes and behaviors resulting in patient distrust and 

382 feeling that their autonomy had been violated. There is an important need to design, evaluate 

383 and implement strategies that may address patient-level and health system factors and reduce 

384 pre-treatment LTFU [48]. It should be noted that pre-treatment loss-to-follow-up estimates may 

385 be overestimated because they fail to account for individuals who were in fact started on TB 

386 therapy but were not officially registered and therefore never notified to the NTP (under-

387 notification). Zambia’s NTP has recently completed a study to estimate the proportion of patients 

388 who are diagnosed but not notified as well as the proportion of those who are started on 

389 treatment but never reported. This study will yield improved estimates of pre-treatment loss-to-

390 follow-up, which will allow for improved evaluations of programmatic changes that aim to improve 

391 TB diagnosis and linkage to TB treatment and care. 

392

393 We found that important progress has been made in Zambia with regard to microbiological TB 

394 diagnosis and TB treatment completion from 2015 to 2018. During this period there was a 

395 massive effort to scale-up the availability of Xpert MTB/RIF as the first-line TB diagnostic for all 

396 forms of TB. This was associated with a 12% increase in the proportion of TB patients who were 

397 microbiologically-confirmed (2,692 additional annual drug-susceptibility patients). Importantly, 

398 because Xpert also provides rapid simultaneous detection of rifampicin-resistance, its scale-up 

399 was also associated with a three-fold increase in RR-TB patients detected and a five-fold 

400 increase in the number of RR-TB patients who were notified and started on TB treatment.  

401 Zambia is currently preparing to scale-up Xpert Ultra cartridges, which when paired with 

402 continued efforts to decentralize Xpert testing, should allow for further gains in the detection of 

403 HIV-associated TB, extra-pulmonary TB, and RR-TB [50]. There was also evidence of improved 

404 TB treatment completion rates for nearly all forms of TB between 2015 and 2018. While it is 

405 important to recognize progress that has been made, smaller but critically important gaps in the 

406 TB care cascade remain due to missed diagnoses and lack of treatment completion. Further 

407 efforts to expand access to microbiological TB testing and interventions to bolster TB treatment 

408 adherence that are grounded in person-centered care approaches - such as decentralization of 
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409 services coupled with improved education and communication as well as material and 

410 psychological support - are needed [51,52].

411  

412 PLHIV accounted for 60% of DS-TB cases in Zambia and were more likely to be lost at several 

413 steps of the cascade compared to HIV-negative individuals. This finding emphasizes the need 

414 to strengthen HIV-TB collaborative activities [33,53]. Due to non-specific clinical presentations 

415 and radiographic findings, one of the most important challenges to improving HIV-associated TB 

416 outcomes remains TB diagnosis [54]. Non-specific symptoms may delay care-seeking among 

417 PLHIV, and without systematic TB screening among PLHIV presenting to and in-care, the 

418 diagnosis of many TB cases may be further delayed or missed. Systematic screening for TB at 

419 each clinical presentation [55] must be coupled with access to improved microbiological 

420 diagnostic tools such as Xpert Ultra [56] and urine LAM [56,57] testing to facilitate rapid TB 

421 detection and TB treatment initiation in order to minimize pre-treatment loss-to follow-up and 

422 improve clinical outcomes. Compared to HIV-negative patients, HIV-positive patients were less 

423 likely to complete TB therapy, and TB treatment completion rates among PLHIV did not 

424 significantly change over a four-year period from 2015 to 2018. Previously, a study among PLHIV 

425 in Zambia found that a large number of individuals LTFU from HIV services had died and that 

426 programmatic mortality rates were substantially under-reported [23]; this suggests that mortality 

427 among PLHIV LTFU from TB treatment services is high and that TB-related mortality among 

428 PLHIV in Zambia is likely underestimated. The implementation of tailored interventions to 

429 improve adherence to TB treatment [51,58] as well as antiretroviral therapy [59] among this 

430 highly vulnerable population therapy are needed. 

431

432 Notably, we found that less than one quarter of RR-TB cases in 2018 were detected, started on 

433 appropriate treatment and completed appropriate therapy. This was despite improved access to 

434 rapid drug susceptibility via the scale-up of Xpert MTB/RIF testing from 2015 to 2018 and shorter 

435 and simplified drug-resistant TB regimens being introduced in 2018 [16]. The high rate of attrition 

436 of RR-TB patients throughout the care cascade argues for the need for specific investments in 

437 systems strengthening to improve drug resistant TB diagnosis and treatment in Zambia, 

438 mirroring this dire need in most high TB burden countries [19,33,60,61]. One important 

439 contributing factor to the large number of RR-TB patients not accessing DST is the high 
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440 proportion of patients who are being diagnosed clinically and/or on the basis of radiological 

441 findings only – this accounted for approximately 44% of pulmonary TB cases in Zambia in 2018. 

442 Notably, the scale-up of Xpert testing between 2015 to 2018 was associated with a more than 

443 30% reduction in the proportion of RR-/MDR-TB cases that were LTFU after diagnosis and prior 

444 to initiation of treatment – this is likely due to the substantially faster detection of rifampicin 

445 resistance compared to conventional culture-based methods. Collectively, this demonstrates the 

446 importance of continued efforts to expand access to Xpert testing in Zambia in order to facilitate 

447 confirmation of TB diagnoses coupled with rapid detection of rifampicin resistance. While the 

448 implementation of existing diagnostic tools as well as improved DR-TB treatment regimens must 

449 be optimized, there remains a continued need for the development of rapid low-cost drug 

450 susceptibility testing (DST) that can be scaled-up to provide decentralized access to first- and 

451 second-line DST aligned with current treatment recommendations [62], as well as continued 

452 progress towards shorter, less toxic, and more effective DR-TB treatment regimens [63]. 

453

454 This study utilized a validated analysis method [6] incorporating a number of data sources to 

455 derive nationally representative estimates of the TB care cascade in Zambia; however, there 

456 were some limitations. As with other published TB cascades analyses, there is uncertainty 

457 around the estimates, especially the overall number of TB cases. The total burden of TB was 

458 calculated using indirect estimates from modelling that were based upon case notification data 

459 and a prior national TB prevalence survey. We derived a conservative estimate of the total TB 

460 burden that accounted for missed cases from the prior year [8] and that therefore may be a more 

461 appropriate estimate than measurements of TB incidence, which are rarely feasible to directly 

462 estimate [64]. Due to a lack of a unique national patient identifier, we were unable to link specific 

463 individuals with their outcomes as they progressed through the TB care cascade and thus unique 

464 individuals in one step of the cascade may differ from those in the following step; where possible, 

465 we attempted to account for duplicate diagnostic and treatment data, which was uncommon. 

466 Implementation of a unique TB patient identifier, and an improved TB data surveillance program 

467 with enhanced data integration would greatly improve future estimates and allow for real time 

468 individual-level, facility-level, and sub-national-level data to inform program strengthening.

469
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470 Given the potential importance of gender to TB epidemiology [32,65] and potential differential 

471 health-seeking behaviors and access to TB services [36,66,67], we sought to characterize the 

472 TB care cascade among men and women. For example, the prevalence of TB among men in 

473 Zambia’s first national TB prevalence survey in 2013/2014 was almost twice as high as that 

474 among women (833 vs. 487 cases per 100,000 persons) [12] and men with presumptive TB 

475 were less likely to have sought care for their symptoms than women (31.4% vs. 38.4%) [68]. 

476 Unfortunately, sex-disaggregated data sources were not available that would have allowed for 

477 each step of the cascade to be estimated. It is important that TB programs collect sex-

478 disaggregated diagnostic and treatment data to help ensure equity in access and treatment 

479 benefits. Additionally, because incidence, diagnosis, notification and treatment numbers are 

480 from 2018, we feel our analysis accurately represents the national TB care cascade in 2018; 

481 however, pre-treatment LTFU estimates were informed by patient-level data from 2017 and the 

482 proportion of cases with rifampicin resistance were informed by higher-end estimates from the 

483 most recent national drug resistance survey conducted in 2008 [22]. An updated drug resistance 

484 survey is currently underway and will provide new estimates that will better guide programmatic 

485 priorities. Finally, to our knowledge, there are no locally or regionally-representative estimates 

486 of TB relapse rates after documented TB treatment completion. This is an important quality 

487 metric of individuals’ adherence to therapy as well as TB treatment programs and should be 

488 assessed in future research studies [6].

489

490 In conclusion, in 2018 only 45% of individuals with TB in Zambia completed the TB care cascade, 

491 and most losses were among patients who never accessed TB testing. Additionally, only 22% 

492 of all RR-TB patients successfully completed appropriate TB treatment and HIV-positive patients 

493 had substantially worse TB outcomes compared to HIV-negative patients. Our results suggest 

494 that continued systems-strengthening coupled with patient-centered engagement strategies are 

495 required throughout the TB cascade of care, however, implementation of active TB case finding 

496 strategies coupled with a renewed focus on those with rifampicin-resistance and PLHIV are 

497 urgently needed to improve TB-related outcomes and TB control in Zambia.
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706 Figure Legend
707
708 Figure 1. The tuberculosis care cascade in Zambia in 2018 among: (a) all tuberculosis cases; 
709 (b) drug-susceptible cases; (c) rifampicin-resistant cases; (d) drug-susceptible cases among 
710 HIV-positive individuals; (e) drug-susceptible cases among HIV-negative individuals.
711
712 Figure 2. Diagnoses and notifications of (a) all forms of drug-susceptible pulmonary 
713 tuberculosis in Zambia between 2015 and 2018, and (b) drug-resistant tuberculosis in Zambia 
714 between 2015 and 2018.
715
716 Figure 3. Overview of drug-susceptible tuberculosis treatment outcomes in Zambia between 
717 2015 and 2018, disaggregated according to tuberculosis-type. Shapes represent the 
718 proportion of patients completing tuberculosis treatment. 
719
720
721 Supporting information
722
723 Supplementary Appendix. Estimation methods and calculations used to derive the 
724 tuberculosis care cascade in Zambia in 2018.
725
726
727 Supplementary Table 1. Tuberculosis treatment outcomes in Zambia between 2015 and 2018 
728 according to HIV status.
729
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Table 1. Approach to and data sources for estimating each step of the tuberculosis care cascade in Zambia in 2018. 
Step 1. TB burden Step 2. Accessed tests Step 3. Diagnosed Step 4. Notified 

and treated
Step 5. Successfully 

treated

All TB 
cases

WHO estimates of TB 
incidence in 2018 plus 
50% of the number of 
undetected cases from 

2017 [19,21].

Add the number of missed 
cases to the total number of 

DS-TB cases diagnosed 
(step 3).

Missed cases estimated 
based upon TB test 

sensitivity by HIV status 
(informed by published 

reports [25–27]), corrected 
for the number of patients 
with negative TB tests who 

were empirically treated 
(informed by unpublished 

individual level data from 4 
Zambian provinces in 2017).

Back calculated from number of 
cases notified (step 4) and 

proportion of patients lost-to-
follow-up (LTFU) prior to initiation 

of TB therapy.

Pre-treatment LTFU estimated 
based on difference between 
number of microbiologically 
confirmed DS-PTB cases 

detected (informed by aggregated 
facility-level TB laboratory data 
from 2018 [unpublished]) and 
number of microbiologically 

confirmed DS PTB cases notified 
(informed by aggregated facility-
level TB notification data from 

2018 [unpublished]). 

Exact value from 
aggregated facility-
level TB notification 

data from 2018 
(unpublished).

Add DS-TB and RR-TB cases 
successfully treated.

Rifampicin-
resistant TB 

cases

Overall TB burden 
multiplied by estimated 
proportion of cases with 

rifampicin resistance 
(informed by most 

recent Zambia National 
TB drug resistance 

survey in 2008 [22]).

Back calculated from RR-TB 
cases diagnosed (step 3) on 

the basis of cases 
bacteriologically diagnosed, 

by test type and test 
sensitivity (informed by 

published reports 
[25,28,29]).

Exact value from aggregated 
facility-level TB laboratory data 

from 2018 (unpublished).

Exact value from 
aggregated facility-
level TB notification 

data from 2018 
(unpublished).

Exact value from aggregated 
facility-level TB treatment 
outcomes data from 2018 

(unpublished).

Drug-
susceptible 
TB cases,
all cases

Overall TB burden 
minus RR-TB cases.

Add the number of missed 
cases to the total number of 

DS-TB cases diagnosed 
(step 3).

Missed cases estimated 
based upon TB test 

sensitivity by HIV status 
(informed by published 

reports [25–27]), corrected 
for the number of patients 
with negative TB tests who 

were empirically treated 
(informed by unpublished 

individual level data from 4 
Zambian provinces in 2017).

Back calculated from number of 
DS-TB cases notified (step 4) and 

proportion of LTFU prior to 
initiation of TB therapy.

Pre-treatment LTFU estimated 
based on difference between 
number of microbiologically 
confirmed DS-PTB cases 

detected (informed by aggregated 
facility-level TB laboratory data 
from 2018 [unpublished]) and 
number of microbiologically 

confirmed DS PTB cases notified 
(informed by aggregated facility-
level TB notification data from 

2018 [unpublished]).

Exact value from 
aggregated facility-
level TB notification 

data from 2018 
(unpublished).

Exact value from aggregated 
facility-level TB treatment 
outcomes data from 2018 

(unpublished).

Drug-
susceptible 
TB cases,

WHO 2019 analysis of 
DS-TB incidence in 

2017 plus 50% of the 
number of undetected 

Add the number of missed 
cases of DS-TB among HIV-

positive individuals to the 
total number of DS-TB 

Back calculated from number of 
cases notified (step 4) and 

proportion of patients LTFU prior 
to initiation of TB therapy (pre-

Exact value from 
aggregated facility-
level TB notification 

data from 2018 

Exact value from aggregated 
facility-level TB treatment 
outcomes data from 2018 

(number successfully treated) 
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HIV-positive 
individuals

cases from 2018 
[19,21].

cases diagnosed among 
HIV-positive individuals 

(step 3).

Missed cases estimated 
based upon TB test 

sensitivity in HIV-positive 
individuals, corrected for the 

number of patients with 
negative TB tests who were 
empirically treated ([25,26]).

treatment LTFU assumed to be 
the same independent of HIV 

status).

adjusted for the 
proportion of 

patients without an 
HIV test. 

(unpublished).

adjusted for proportion of 
patients without an HIV test 

(unpublished).

Drug-
susceptible 
TB cases,

HIV-
negative 

individuals

Total number of DS-TB 
cases minus number of 
DS-TB cases among 
HIV-positive individuals.

Total number of DS-TB 
cases who accessed TB 
tests minus the number of 
DS-TB cases who accessed 
TB tests among HIV-positive 
individuals.

Total number of DS-TB cases 
diagnosed minus the number of 
DS-TB cases diagnosed among 

HIV-positive individuals.

Total number of DS-
TB cases notified 
minus the number 
of DS-TB cases 

among HIV-positive 
individuals notified.

Total number of DS-TB cases 
successfully treated minus 

the number of DS-TB cases 
among HIV-positive 

individuals successfully 
treated.
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Table 2. Overview of the tuberculosis care cascade in Zambia in 2018 according to type.

 *Values in parentheses represent ranges, unless explicitly specified as 95% confidence intervals. ^ Value represents the proportion of TB cases relative to the total 
TB burden (Step 1). #Value represents the proportion of TB cases relative to the prior step in the cascade.

Step 1. 
TB burden Step 2. 

Accessed tests
Step 3.  

Diagnosed  Step 4. 
Notified and treated

Step 5. 
Successfully treated

Cases, 
range*

% of 
total 

burden^

Cases, 
range*

% of 
total 

burden^

% 
relative 
to prior 
step#

Cases, 
range*

% of 
total 

burden^

% 
relative 
to prior 
step#

Cases, 
range*

% of 
total 

burden^

% 
relative 
to prior 
step#

Cases, 
range*

% of 
total 

burden^

% 
relative 
to prior 
step#

Overall TB 
Cascade

72,495 
(40,495- 
111,495)

100

43,387
(95%CI: 
42,390-
44,710)

59.8 59.8

40,176
(95%CI: 
40,128- 
40,212)

55.4 92.6 36,431 50.2 90.7 32,700 45.1 89.8

Rifampin-
resistant TB

1,740
(486-4,014) 100

910
(95%CI: 

776-1,093)
52.3 52.3 627 36.0 68.9 509 29.3 81.2 396 22.8 77.8

Drug-
susceptible 
TB, all

70,755 
(40,009-
107,481)

100

42,477
(95%CI: 
41,614-
43,625)

60.0 60.0

39,549
(95%CI: 
39,501-
39,585)

55.9 93.1 35,922 50.8 90.8 32,304 45.7 89.9

HIV-positive, 
drug- 
susceptible 
TB

43,411 
(23,911-
65,911)

100

24,746
(95%CI: 
24,290-
25,349)

57.0 57.0

23,133
(95%CI: 
23,106-
23,154)

53.3 93.5

21,012
(95%CI: 
20,962-
21,064)

48.4 90.8

18,579
(95%CI: 
18,535-
18,625)

42.8 88.4

HIV-negative, 
drug- 
susceptible 
TB

27,344
(16,098-
41,570)

100

17,731
(95%CI: 
17,324-
18,276)

64.8 64.8

16,415
(95%CI: 
16,395-
16,431)

60.0 92.6

14,910
(95%CI: 
14,858-
14,960)

54.5 90.8

13,725
(95%CI: 
13,679-
13,769)

50.2 92.1
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Table 3. Gap analysis of the tuberculosis care cascade in Zambia in 2018 according to type.

*Values in parentheses represent ranges, unless explicitly specified as 95% confidence intervals. ^Proportions are relative to the total number of TB cases 
estimated to have been lost throughout the care cascade. #For rifampicin resistant TB, either the TB diagnosis or the rifampicin resistance was missed.

Overall TB cases lost 
throughout the care 

cascade

Gap 1. Patient did not 
seek care at TB facility 
and/or have TB tests 

sent

Gap 2. TB tests sent, 
but TB missed

Gap 3. TB diagnosed but 
patient not started on TB 

treatment and/or not 
notified

Gap 4. TB treatment 
started, but not 

completed

Cases, 
range*

Proportion 
(%)^

Cases, 
range*

Proportion 
(%)^

Cases, 
range*

Proportion 
(%)^

Cases, 
range*

Proportion 
(%)^

Cases, 
range*

Proportion 
(%)^

Overall TB 
Cascade

39,795
(8,191-
79,191)

100
29,108

(0-
66,777)

73.1

3,211
(95%CI: 
2,262-
4,506)

8.1

3,745
(95%CI: 
3,697-
3,781)

9.4 3,731 9.4

Rifampin-
resistant TB

1,344 
(486-4,014) 100 830

(0-2,921) 61.7
283#

(95%CI: 
149-466)

21.1 118 8.8 113 8.4

Drug-
susceptible 
TB, all

38,451 
(40,009-
107,481)

100
28,278

(0-
63,856)

73.5

2,928
(95%CI: 
2,112-
4,040)

7.6

3,627
(95%CI: 
3,579-
3,663)

9.4 3,618 9.4

HIV-positive, 
drug- 
susceptible 
TB

24,832
(5,376-
47,286)

100
18,597

(0-
40,495)

75.2

1,613
(95%CI: 
1,185-
2,194)

6.5

2,121
(95%CI: 
2,094-
2,142)

8.5

2,379
(95%CI: 
2,337-
2,529)

9.8

HIV-
negative, 
drug- 
susceptible  
TB

13,619
(2,419-
27,801)

100
10,939

(98-
24,620)

70.6

1,315
(95%CI: 

927-
1,846)

9.7

1,505
(95%CI: 
1,486-
1,520)

11.1

1,239
(95%CI: 
1,089-
1,281)

8.7
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 1 

Supplementary Appendix. Estimation methods and calculations used to derive the 
tuberculosis care cascade in Zambia in 2018. 
 
  

Page 34 of 50

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

 2 

Table 1. Overall TB Care Cascade in Zambia in 2018 

Variable Cases, range Proportion 
(%) 

Estimation method Calculation 

Step 1. TB 
burden 

72,495  
(40,495 - 111,495) 100 

WHO 2019 analysis of TB incidence 
in 2018 plus 50% of the number of 
undetected cases from 2017.1 

• TB incidence, 2018 (all): 60,000 
• TB incidence, 2017 (all): 61,000 
• Case detection rate, 2017: 59.0%  
• Estimated undetected cases 2017: 

24,990  
• 50% of undetected cases who 

have not died/self-cured: 12,495 

Gap 1 29,108  
(0-66,777) 40.2 

Step 1 estimated cases minus Step 
2 estimated cases.  

Step 2. 
Accessed tests 

43,387  
(95%CI: 42,390-44,718) 59.8 

Add DS-TB and RR-TB cases 
that accessed TB testing (see 
Tables 2 and 3 for estimates). 

• DS-TB: 42,477 (95%CI: 41,614-
43,625) 

• RR-TB: 910 (95%CI: 776-1,093) 

Gap 2 3,211  
(95%CI: 2,262-4,506) 4.4 

Step 2 estimated cases minus Step 
3 estimated cases.  

Step 3. 
Diagnosed 

40,176  
(95%CI: 40,128-40,212) 55.4 

Add DS-TB and RR cases 
diagnosed (see Tables 2 and 3 for 
estimates). 

• DS-TB: 39,549 (95%CI: 39,501-
39,585) 

• RR-TB: 627 

Gap 3 3,745 
(95%CI: 3,697-3,781) 5.2 

Step 3 estimated cases minus Step 
4 estimated cases.  

Step 4. Notified 
and treated 36,431 50.2 

Add DS-TB and RR cases 
notified and treated (see Tables 2 
and 3 for estimates). 

• DS-TB: 35,922 
• RR-TB: 509 

Gap 4 3,731 5.1 Step 4 estimated cases minus Step 
5 estimated cases.  

Step 5. 
Successfully 
treated 

32,700 45.1 
Add DS-TB and RR cases 
successfully treated (see Tables 2 
and 3 for estimates). 

• DS-TB: 32,304 
• RR-TB: 396 

1Estimate from: World Health Organization. Tuberculosis data. Available from: https://www.who.int/teams/global-tuberculosis-programme/data. 
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 3 

Table 2a. Drug-susceptible TB Care Cascade in Zambia in 2018 

Variable Cases, range Proportion 
(%) Estimation method Calculation 

Step 1. Overall 
TB burden 70,755 (40,009-107481) 100 

 
Overall TB burden minus RR-TB cases. • TB burden: 72,495 (40,495- 

111,495) 
• RR cases: 1740 (486-4014) 

Gap 1 28,278  
(0-63,856) 40.0 

Step 1 estimated cases minus Step 2 
estimated cases.  

Step 2. 
Accessed tests 

42,477  
(95%CI: 41,614-43,625) 60.0 

Add the number of missed cases to the total 
number of DS-TB cases diagnosed (step 3). 
 
Missed cases estimated based upon TB test 
sensitivity by HIV-status, corrected for the 
number of patients with negative TB tests 
who were empirically treated (Table 2b). 

• Number diagnosed:  39,549 (95%CI: 
39,501-39,585) 

• Number missed: 2,928 (95%CI: 
2,112-4,040) 

Gap 2 2,928  
(95%CI: 2,112-4,040) 4.1 

Step 2 estimated cases minus Step 3 
estimated cases.  

Step 3. 
Diagnosed with 

TB 

39,549  
(95%CI: 39,501-39,585) 55.9 

Back calculated from number of cases 
notified and proportion of patients lost-to-
follow-up prior to initiation of TB therapy. 
 
Pre-treatment LTFU estimated based on 
difference between number of 
microbiologically confirmed DS PTB cases 
detected and number of microbiologically 
confirmed DS PTB cases notified (Table 2c). 

• Pre-treatment LTFU estimate: = 9.2 
(95%CI: 9.1-9.3) 

• Number of patients notified in 2018: 
35,922 

Gap 3 3,627  
(95%CI: 3,579-3,663) 5.1 

Step 3 estimated cases minus Step 4 
estimated cases.  

Step 4. Notified 
and treated for 

TB 
35,922 50.8 Exact value from aggregated facility-level TB 

notification data. 

• All patients with DS-TB who were 
notified and started on treatment 
(including new, relapse, treatment 
after failure, treatment after loss-to-
follow-up patients and other 
previously treated cases). 

Gap 4 3,618 5.1 Step 4 estimated cases minus Step 5 
estimated cases  

Step 5. 
Successfully 

treated for TB. 
32,304  45.7 Exact value from aggregated facility-level TB 

treatment outcomes data. 

• All patients with DS-TB who 
successfully completed TB therapy 
(including new, relapse, treatment 
after failure, treatment after loss-to-
follow-up patients and other 
previously treated cases). 
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 4 

 
 
 
Table 2b. Estimation method for determining number of patients with DS-TB who accessed TB testing in 2018 

Variable HIV-positive HIV-negative Overall 

Total number of all microbiologically-
confirmed TB cases (who therefore 
underwent microbiological tests)1 

8,025 (PTB) + 320 (EPTB) 
= 8,345 

9,803 (PTB)+1,137 (EPTB) 
= 10,940 19,285 

Number of the above who underwent Xpert1 7,320 9,071 16,391 
Number who underwent smear1 1,025 1,869 2,894 

Proportion who underwent smear only 
(were smear-positive but Xpert either not 

done, or negative)2 
96.9% (95%CI: 95.6-98.0) 98.1% (95%CI: 97.1-98.8) 97.7%  

(95%CI:96.9-98.3) 

Number who underwent  
smear only 

1,025 x .969% (95%CI: .956-.980)  
= 993 (95%CI: 980-1,005) 

1,869 x .981% (95%CI: .971-.988) 
= 1,833 (95%CI: 1815-1,847) - 

Sensitivity of Xpert3 81% (95%CI 75-86) 88% (95%CI: 83-92) 85%  
(95%CI: 82-88) 

Cases missed by Xpert 7,320/ .81 (95%CI .75-.86) - 7,320 
= 1,717 (95CI: 1,192-2,440) 

9,071 /.88 (95%CI: .83-.92)- 9,071  
= 1,237 (95%CI: 789-1,858) 

2,594 
(95%CI: 1,980-4,298) 

Sensitivity of smear microscopy4,5 50% (95%CI:42-57) 76% (95%CI: 70-80) - 

Cases missed by smear 993/0.50 (95%CI:0.42-0.57)- 993 
 = 1,025 (95%CI: 773-1,415) 

1,833/0.76 (0.70-0.80)-1,833 
= 590 (95%CI: 467-801) 

1,615 
 (95%CI: 1,240-2,216) 

Total combined cases missed by Xpert and 
smear  2,472 (95CI: 1,965-3,855) 1,827 (95%CI: 1,256-2,659) 4,569  

(95%CI: 3,221-6,514) 
Proportion of patients who had a negative 

Xpert that were empirically treated2 30.6% (95%CI: 28.6-32.7) 22.7% (95%CI:19.8-25.9) 28.9  
(95%CI: 27.2-30.6) 

Negative Xpert / received empiric therapy 
1,717 (95CI: 1,192-2,440) x .306 

(95%CI: .286-.327) 
= 525 (95: 341-798) 

1,237 (95%CI: 789-1,858) x .227 
(95%CI:.198-259)  

= 281 (95%CI: 156-481) 
 

806  
(95%CI: 497-1,279) 
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 5 

Proportion of patients who had a negative 
smear that were empirically treated2 58.9% (95%CI: 56.8-61.0) 39.2% (95%CI: 36.9-41.4) 50.1  

(95%CI 48.5-51.6) 

Negative smear / received empiric therapy 
1,025 (95%CI: 773-1,415) x  

.589 (95%CI: .568-.610) 
= 604 (95%CI: 439-863) 

 590 (95%CI: 467-801) x 
.392% (95%CI: .369-.414) 
= 231 (95%CI: 172-332) 

835  
(95%CI: 612-1,195) 

 

Total cases that were negative by Xpert or 
smear that were empirically treated 1,129 (95%CI: 780-1,661) 529 (95%CI: 329-813) 1,641  

(95%CI: 1,109-2,474) 

Total Missed cases 
(Total number of cases missed by Xpert or 

smear minus those were empirically 
treated) 

1,613 (95%CI: 1,185-2,194) 1,315 (95%CI: 927-1,8460 2,928 
(95%CI: 2,112-4,040) 

1Exact value from 2018 national TB laboratory register, 2Estimate from: individual-level TB notification data from 4 provinces in 2017, n=11,814 (unpublished), 3Estimate 
from: Horne DJ, Kohli M, Zifodya JS, et al. Xpert MTB/RIF and Xpert MTB/RIF Ultra for pulmonary tuberculosis and rifampicin resistance in adults. Cochrane Database 
Syst Rev. 2019 Jun 7;6(6):CD009593.4Estimate from: Boehme CC, Nicol MP, Nabeta P, et al. Feasibility, diagnostic accuracy, and effectiveness of decentralised use of 
the Xpert MTB/RIF test for diagnosis of tuberculosis and multidrug resistance: a multicentre implementation study. Lancet 2011; 377:1495–505. 5Estimate from: Steingart 
KR, Henry M, Ng V, et al. Fluorescence versus conventional sputum smear microscopy for tuberculosis: a systematic review. Lancet Infect Dis 2006;6:570–81. 
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Table 2c. Estimation method for determining proportion of patients with pre-treatment lost-to-follow-up. 

Variable Overall 

Unadjusted number of microbiologically-confirmed pulmonary TB 
cases1 19,285 (16,391 Xpert and 2,894 smear) 

Proportion of patients with positive smear who also have a positive 
Xpert result2 2.3% (95%CI 1.7-3.1) 

Number of patients with positive smear who also have a positive 
Xpert result2 

2,894 x .023% (95%CI .017-.031) 
 = 67 (95%CI: 49-90) 

Adjusted number of microbiologically-confirmed PTB cases 
 

(2,894 - 67 (95%CI: 49-90)) +  
19,218 (95%CI: 19,195-19,236) 

Number of patients with microbiologically-confirmed pulmonary TB 
notified in 20183 17,456 

Proportion of all patients with microbiologically-confirmed TB who 
were registered and started TB treatment 90.8 (95%CI: 90.7-90.9) 

Pre-treatment lost-to-follow-up (LTFU) estimate:  100% - 90.8 (95%CI: 90.7-90.9) 
= 9.2% (95%CI: 9.1-9.3) 

1Exact value from 2018 nationally aggregated TB laboratory register, 2Estimate from: individual-level TB notification data from 4 provinces in 2017, n=11,814 
(unpublished).3Exact value from 2018 nationally aggregated TB notification register. 
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Table 3. Rifampicin resistant TB Care Cascade in Zambia in 2018 
Variable Cases, range Proportion (%) Estimation method Calculation 

Step 1. Overall 
TB burden 1,740 (486-4,014) 100 

Overall TB burden multiplied by 
estimated proportion of cases with 
rifampicin resistance. 

• TB burden: 72,495 (40,495-111,495) 
• Overall estimate of RR-TB: 2.4% (95CI: 1.2-3.6)1 

Gap 1 830 (range, 0-2,921) 47.7 
Step 1 estimated cases minus Step 
2 estimated cases.  

Step 2. 
Accessed tests 

910  
(95%CI: 776-1,093) 52.3 

Back calculated from RR 
tuberculosis cases diagnosed on the 
basis of cases bacteriologically 
diagnosed, by test type and test 
sensitivity. 

• RR-TB cases diagnosed: 627 
• RR-TB cases missed: 283 

Gap 2 283  
(95%CI: 149-466) 16.3 

Step 2 estimated cases minus Step 
3 estimated cases.  

Step 3. 
Diagnosed with 
TB 

627 36.0 Exact value from aggregated facility-
level TB laboratory data. • All patients with microbiologically-confirmed RR-TB  

Gap 3 118 6.8 Step 3 estimated cases minus Step 
4 estimated cases.  

Step 4. Notified 
and treated for 
TB 

509 29.3 Exact value from aggregated facility-
level TB notification data. 

• All patients with RR-TB who were notified and started 
on treatment.  

Gap 4 113 6.5 Step 4 estimated cases minus Step 
5 estimated cases.  

Step 5. 
Successfully 
treated for TB 

396 22.8 Exact value from aggregated facility-
level TB treatment outcomes data. 

• The number of RR-TB who were notified and started 
on treatment who were successfully treated. 

1Estimate from: Kapata N, Mbulo G, Cobelens F, et al. The Second Zambian National Tuberculosis Drug Resistance survey - a comparison of conventional and molecular 
methods. Trop Med Int Health. 2015;20(11):1492‐1500. This is the most recent Zambia national drug resistance survey. A higher estimate utilizing MDR-TB Plus chosen 
because it more closely coincides with WHO RR-TB incidence estimates for 2018. 
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Table 3b. Estimation method for determining number of patients with RR-TB who accessed TB testing in 2018 

Variable HIV-positive HIV-negative Overall, No 

Number of laboratory-confirmed RR-
cases - - 627 

Proportion of RR-TB patients notified 
in 2018, by HIV-status.1 59.1% (95CI: 54.6-63.6) 40.9% (95%CI: 36.4-45.4) - 

Number of RR-TB patients 
diagnosed in 2018, by HIV-status 

627 x 59.1% (95CI: 54.6-63.6) 
= 371 (95%CI: 342-399) 

627 x 40.9% (95%CI: 36.4-45.4) 
= 256 (95%CI: 228-285) 627 

Number of RR-cases detected by 
Xpert - - 372 

Number of RR-cases detected by 
Xpert, by HIV-status 

372 x 59.1% (95CI: 54.6-63.6) 
= 220 (95%CI: 203-237) 

372 x 40.9% (95%CI: 36.4-45.4) 
= 152 (95%CI: 135-169) 372 

Combined sensitivity of Xpert for Rif-
Resistance, by HIV status2 

• Sensitivity of Xpert for TB: 81% (95%CI: 
75% to 86%) 

• Sensitivity of Xpert for RIF-resistance: 96% 
(94% to 97%)  

• Overall sensitivity for RR-TB: 
77.8% (95%CI 70.5-83.4) 

 

• Sensitivity of Xpert for TB: 88% (95%CI: 
83% to 92%) 

• Sensitivity of Xpert for RIF-resistance: 96% 
(94% to 97%)  

• Overall sensitivity for RIF-resist TB: 
84.5% (95%CI 78.0-89.2) 

 

- 

RR-cases missed by Xpert 220 (95%CI: 203-237)/ .778 (95%CI .705-
.834) – 220 = 63 (95%CI: 24-116) 

152 (95%CI: 135-169)/ .845 (95%CI .780-
.892) – 152 = 28 (95%CI: 0-64) 91 (95%CI: 23-180) 

Number of RR-cases detected by 
MDR-TB plus - - 135 

Number of RR-cases detected by 
MDR-TB plus, by HIV-status 

135 x 59.1% (95CI: 54.6-63.6) 
= 80 (95%CI: 74-86) 

135 x 40.9% (95%CI: 36.4-45.4 
= 55 (95%CI: 49-61) 135 

Combined sensitivity of MDR-TB 
plus*3 

• Sensitivity of smear for TB: 50% 
(95%CI:42-57) 

• Sensitivity of culture for smear-positive TB: 
100% 

• Sensitivity of MDR-TB plus: 96.9% 
(95CI%:95.5-98.0) 

• Overall sensitivity for RR-TB: 48.5% 
(95%CI: 40.1-55.9) 

• Sensitivity of smear for TB: 76% (95%CI: 
70-80) 

• Sensitivity of culture for smear-positive TB: 
100% 

• Sensitivity of MDR-TB plus: 96.9% 
(95CI%:95.5-98.0) 

• Overall sensitivity for RR-TB: 73.6% 
(95%CI: 66.9-78.4) 

- 

RR-cases missed by MDR-TB plus 80 (95%CI: 74-86) /.485 (95%CI: .401-
.559) - 80 = 85 (95%CI: 52-134) 

55 (95%CI: 49-61) / .736 (95%CI: .669-
.784) - 55 = 20 (95%CI: 7-36) 105 (95%CI: 59-171) 
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Number of RR-cases detected by 
liquid culture (MGIT 960)*4   120 

Number of RR-cases detected by 
liquid culture (MGIT 960)*4, by HIV-

status 
120 x 59.1% (95CI: 54.6-63.6) 

= 71 (95%CI: 66-76) 
120 x 40.9% (95%CI: 36.4-45.4 

= 49 (95%CI: 44-54) 120 

Combined sensitivity of liquid culture 

• Sensitivity of smear for TB: 50% 
(95%CI:42-57) 

• Sensitivity of culture for smear-positive TB: 
100% 

• Sensitivity of liquid culture for RR-TB: 
99.2% (95%CI: 95.9-100) 

• Overall sensitivity for RR-TB: 49.6% (40.3-
57.0) 

• Sensitivity of smear for TB: 50% 
(95%CI:42-57) 

• Sensitivity of culture for smear-positive TB: 
100% 

• Sensitivity of liquid culture for RR-TB: 
99.2% (95%CI: 95.9-100) 

• Overall sensitivity for RR-TB: 75.4 (95%CI: 
67.1-80.0) 

- 

RR-cases missed by liquid culture 
71 (95%CI: 66-76) / .496 (95%CI: .403-.570) 

– 71  
= 72 (95%CI: 61-83) 

43 (95%CI: 49-54) / .754 (95%CI: .671-.800) 
– 43   

= 16 (95%CI: 6-32) 
88 (95%CI: 67-115) 

Total microbiologically-missed cases 63 (95%CI: 24-116) + 85 (95%CI: 52-134) + 
72 (95%CI: 61-83) = 220 (95%CI: 137-333) 

28 (95%CI: 0-64) + 20 (95%CI: 7-36) + 16 
(95%CI: 6-32) = 64 (95%CI: 13-133) 283 (95%CI: 149-466) 

Received empiric therapy* 0 0 0 
Total Missed cases 220 (95%CI: 137-333) 64 (95%CI: 13-133) 283 (95%CI: 149-466) 

1Exact value from 2018 national TB laboratory register. 2Estimate from: Horne DJ, Kohli M, Zifodya JS, et al. Xpert MTB/RIF and Xpert MTB/RIF Ultra for pulmonary 
tuberculosis and rifampicin resistance in adults. Cochrane Database Syst Rev. 2019 Jun 7;6(6):CD009593. 3Estimate from: WHO. The use of molecular line probe assays 
for the detection of resistance to isoniazid and rifampicin. Geneva: WHO; 2016. Available at: https://apps.who.int/iris/bitstream/handle/10665/250586/9789241511261-
eng.pdf?sequence=1, 4Estimated from: Tortoli E, Benedetti M, Fontanelli A, Simonetti MT. Evaluation of automated BACTEC MGIT 960 system for testing susceptibility of 
Mycobacterium tuberculosis to four major antituberculous drugs: comparison with the radiometric BACTEC 460TB method and the agar plate method of proportion. J Clin 
Microbiol. 2002;40(2):607‐610.  
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Table 4. Drug-susceptible TB Care Cascade among HIV-positive individuals in Zambia in 2018 
Variable Cases, range Proportion (%), range Estimation method Calculation 

Step 1. Overall TB 
burden 43,411 (23,911-65,911) 100 

WHO 2019 analysis of TB 
incidence in 2017 plus 50% of the 
number of undetected cases from 
2018.1 

• TB incidence, 2018 (all): 36,000 
(range, 23,000-51,000) 

• TB incidence, 2017 (all): 36,000 
(range, 23,000-51,000) 

• Case detection rate, 2017: 
58.8% (range, 41.5-92.1) 

• Estimated undetected cases 
2017: 14,822 (range, 1,822-
29,822) 

• 50% of undetected cases who 
have not died/self-cured: 7,411 
(range, 911-14,911) 

Gap 1 18,597 (0-40,495) 43.0 Step 1 estimated cases minus 
Step 2 estimated cases.  

Step 2. Accessed 
tests 

24,746 
(95%CI: 24,290-25,349) 57.0 

Add the number of missed cases 
of DS-TB among HIV-positive 
individuals to the total number of 
DS-TB cases diagnosed among 
HIV-positive individuals (step 3). 
 
Missed cases estimated based 
upon TB test sensitivity in HIV-
positive individuals, corrected for 
the number of patients with 
negative TB tests who were 
empirically treated (Table 2b). 

• Number diagnosed: 23,133 
(95CI: 23,106-23,154) 

• Number missed (table 2b): 
1,613 (95%CI: 1,185-2,194) 

Gap 2 1,613  
(95%CI: 1,185-2,194) 3.7 Step 2 estimated cases minus 

Step 3 estimated cases.  

Step 3. Diagnosed 
with TB 

23,133 
(95%CI: 23,106-23,154) 53.3 

Back calculated from number of 
cases notified and proportion of 
patients lost-to-follow-up prior to 
initiation of TB therapy [see Table 
2c]; [assumed to be the same 
independent of HIV-status]. 

• Pre-treatment LTFU estimate: 
9.2% (95%CI: 9.1-9.3) 

• Number of HIV-positive 
patients notified in 2018: 
21,012 (95%CI: 20,962-21,064) 

Gap 3 2,121  
(95%CI: 2,094-2,142) 4.9 Step 3 estimated cases minus 

Step 4 estimated cases.  

Step 4. Notified 
and treated for TB 

21,012 
(95%CI: 20,962-21,064) 48.4 

Exact value from aggregated 
facility-level TB notification data 
adjusted for proportion of patients 
without an HIV test. 

• DS-TB: 19,332 
• Proportion of all notified 

patients who had an HIV test: 
94.9% (95%CI: 94.6-95.1) 
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1Estimate from: World Health Organization. Tuberculosis data. Available from: https://www.who.int/teams/global-tuberculosis-programme/data. 

 
  

Gap 4 2,433 
(95%CI: 2,337-2,529) 5.6 Step 4 estimated cases minus 

Step 5 estimated cases.  

Step 5. 
Successfully 
treated for TB 

18,579 
(95%CI: 18,535-18,625) 42.8 

Exact value from aggregated 
facility-level TB treatment 
outcomes data (number 
successfully treated) adjusted for 
proportion of patients without an 
HIV test. 

• DS-TB: 17,624 
• Proportion of all notified 

patients who had an HIV test: 
94.9% (95%CI: 94.6-95.1) 
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Table 5. Drug-susceptible TB Care Cascade among HIV-negative individuals in Zambia in 2018 
Variable Cases, range Proportion (%) Estimation method Calculation 

Step 1. Overall 
TB burden 

27,344  
(16,098-41,570) 100 

Total number of DS-TB cases 
minus number of DS-TB cases 
among HIV-positive individuals 

• Number of DS-TB cases: 
70,755 (range, 40,009-
107,481) 

• Number of HIV-positive DS-TB 
cases: 43,411 (23,911-65,911) 

Gap 1 10,939 (98-24,620) 35.2 Step 1 estimated cases minus 
Step 2 estimated cases.  

Step 2. 
Accessed tests 

17,731 
(95%CI: 17,324-18,276) 64.8 

Total number of DS-TB cases who 
accesses TB tests minus the 
number of DS-TB cases who 
accessed TB tests among HIV-
positive individuals  

• Number of DS-TB cases that 
accessed tests: 42,477  
(95%CI: 41,614-43,625) 

• Number of HIV-positive DS-TB 
cases diagnosed: 24,746 
(95%CI: 24,290-25,349) 

Gap 2 1,315  
(95%CI: 927-1,846) 4.8 Step 2 estimated cases minus 

Step 3 estimated cases.  

Step 3. 
Diagnosed with 
TB 

16,415  
(95%CI: 16,395-16,431) 60.0 

Total number of DS-TB cases 
diagnosed minus the number of 
DS-TB cases diagnosed among 
HIV-positive individuals  

• Number of DS-TB cases 
diagnosed: 39,549  
(95%CI: 39,501-39,585) 

• Number of HIV-positive DS-TB 
cases diagnosed: 23,133 
(95%CI: 23,106-23,154) 

Gap 3 1,505 
(95%CI: 1,486-1,520) 5.5 Step 3 estimated cases minus 

Step 4 estimated cases.  

Step 4. Notified 
and treated for 
TB 

14,910  
(95%CI: 14,858-14,960) 54.5 

Total number of DS-TB cases 
notified minus the number of DS-
TB cases among HIV-positive 
individuals notified 

• Number of DS-TB cases 
notified: 35,922 

• Number of HIV-positive DS-TB 
cases notified: 21,012 (95%CI: 
20,962-21,064) 

Gap 4 1,185 
(95%CI: 1,089-1,281) 4.3 Step 4 estimated cases minus 

Step 5 estimated cases.  

Step 5. 
Successfully 
treated for TB 

13,725 
(95%CI: 13,679-13,769) 50.2 

Total number of DS-TB cases 
successfully treated minus the 
number of DS-TB cases among 
HIV-positive individuals 
successfully treated 

• Number of DS-TB cases 
treated:  32,304 

• Number of HIV-positive DS-TB 
cases treated: 18,633 
(95%CI: 18,535-18,725) 
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Supplementary Table 1. Tuberculosis treatment outcomes in Zambia between 2015 and 2018 according to HIV-status. 
 
 HIV-positive HIV-negative or unknown HIV status 
 Total 

treatment 
cohort 

Completed 
treatment 

Failed 
treatment 

Died 
during 

treatment 

LTFU 
during 

treatment 

Not 
evaluated 

Total 
treatment 

cohort 

Completed 
treatment 

Failed 
treatment 

Died 
during 

treatment 

LTFU 
during 

treatment 

Not 
evaluated 

2015 20967 18312 
(87.3) 

71 
(0.3) 

1117 
(5.3) 

682 
(3.3) 

785 
(3.7) 20621 16986 

(82.4) 
102 
(0.5) 

1392 
(6.8) 

1168 
(5.7) 

973 
(4.7) 

2016 21655 18541 
(85.6) 

171 
(0.8) 

1354 
(6.3) 

705 
(3.3) 

884 
(4.1) 18498 16481 

(89.1) 
55 

(0.3) 
1058 
(5.7) 

486 
(2.6) 

418 
(2.3) 

2017 20362 17527 
(86.1) 

136 
(0.7) 

1622 
(8.0) 

731 
(3.6) 

346 
(1.7) 16841 15779 

(93.7) 
40 

(0.2) 
569 
(3.4) 

135 
(0.8) 

318 
(1.9) 

2018 19932 17624 
(88.4) 

113 
(0.6) 

1253 
(6.3) 

521 
(2.6) 

421 
(2.1) 15990 14680 

(91.8) 
46 

(0.3) 
745 
(4.7) 

342 
(2.1) 

177 
(1.1) 
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Item 

No
Recommendation Response:

Title and abstract

1
a) Indicate the study’s design with a commonly used term 

in the title or the abstract

The design is included in the study title – “The tuberculosis care 
cascade in Zambia - identifying the gaps in order to improve 
outcomes:  a population-based analysis” [p1]. 

 
 

b) Provide in the abstract an informative and balanced 

summary of what was done and what was found
This is provided (see abstract [p2].

Introduction

Background 2
Explain the scientific background and rationale for the 

investigation being reported

This is described in the background section (see Background 
section paragraphs 2 and 3 [p4]).

Objectives 3
State specific objectives, including any prespecified 

hypotheses

Specific objectives are stated in the background section (see 

Background section paragraph 3 [p4]).

Methods

Study design 4  Present key elements of study design early in the paper This is provided (see Methods Section, paragraph 1 [p5]).

Setting 5

Describe the setting, locations, and relevant dates, 

including periods of recruitment, exposure, follow-up and 

data collection

This is provided (see Methods Section, Setting and TB cascade 
data sources sub-sections [p5-7]).

6
a) Give the eligibility criteria, and the sources and methods 

of selection of participants. Describe methods of follow-up
This is provided (see Methods Section, paragraph 1 [p5], and TB 
cascade data sources sub-section[p5-6]).Participants

 
 

b) For matched studies, give matching criteria and number 

of exposed and unexposed
Not applicable.
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Variables 7

Clearly define all outcomes, exposures, predictors, 

potential confounders, and effect modifiers. Give 

diagnostic criteria if applicable

Outcomes, potential confounders and effect modifiers are 

described in detail (see Methods Section, TB cascade estimation 
methods sub-section [p7-8]).

Data sources/ 

measurements
8

For each variable of interest, give sources of data and 

details of methods of assessment. Describe comparability 

of assessment methods if there is more than one group

All data sources and methods of obtainment for variables of 

interest are described in detail (see Methods Section, TB cascade 
estimation methods sub-section [p7-8], Table 1 and the 
Supplementary Appendix).

Bias 9 Describe any efforts to address potential sources of bias

There are a few potential sources of bias that we discuss. One is 

the use of routine medical records, which may be incompletely 

documented. A second is that this analysis does not represent a 

cohort of individuals followed through each step of the care 

cascade; thus, different individuals may be captured at each step 

of the cascade. We also acknowledge that there is uncertainty 

around estimates (especially, TB incidence and incidence of 

rifampicin-resistance TB). These are discussed in detail (see 
Methods Section, TB cascade data sources sub-section [p6-7] 
and Discussion – paragraphs 9 and 10 [p18-19]). 

Study size 10 Explain how the study size was arrived at

We sought to include all persons with TB living in Zambia in 

2018 (overall TB burden). We provide detailed information 

regarding how the total TB burden was calculated (TB cascade 
estimation methods sub-section [p7-9]).

Quantitative 

variables
11

Explain how quantitative variables were handled in the 

analyses. If applicable, describe which groupings were 

chosen and why

The analysis approach for all estimates is clearly detailed (see 
Methods Section, TB cascade estimation methods sub-section 
[p7-9], Table 1 and the Supplementary Appendix).
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Statistical methods 12
(a ) Describe all statistical methods, including those used to 

control for confounding

These details are provided in the methods section (see Methods 
Section, TB cascade estimation methods sub-section, Table 1 and 
the Supplementary Appendix).

  
(b ) Describe any methods used to examine subgroups and 

interactions

 These details are provided in the methods section (see Methods 
Section, TB cascade estimation methods sub-section [p7-9], 
Table 1 and the Supplementary Appendix).

  (c) Explain how missing data were addressed

For the purposes of this analysis, data was assumed to be accurate 

and complete. This is described in the methods section (see 
Methods Section, paragraph 1, and TB cascade data sources 
sub-section [p9]).

  
(d ) If applicable, explain how loss to follow-up was 

addressed

Not applicable; estimating the number and proportion of patients 

lost-to-follow-up between each step of the TB care cascade was 

central to the study design (see Methods Section, TB cascade 
estimation methods sub-section p7-9], Table 1 and the 
Supplementary Appendix and also Table 3).

  (e ) Describe any sensitivity analyses No sensitivity analyses were conducted.

Results    

Participants 13

(a) Report numbers of individuals at each stage of study—

eg numbers potentially eligible examined for eligibility, 

confirmed eligible, included in the study, completing 

follow-up, and analysed

This information is described in results section (See Results 
section [p11], Table 2 and Figure 1). 

  (b) Give reasons for non-participation at each stage

Not directly applicable. The number of individuals reaching each 

step of the cascade and that are lost throughout the cascade are 

characterized in detail (See Results section [p11-12], Tables 2 and 
3).

  (c) Consider use of a flow diagram

Not directly applicable. The TB care cascade summarizing the 

number of individuals reaching step of the care cascade is 

characterized in detail (See Results section [p11-12], Figure 1).
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Descriptive Data 14

(a) Give characteristics of study participants (eg 

demographic, clinical, social) and information on 

exposures and potential confounders

This information is provided in the results section (See Results 
section [p11-12], Table 2)

  
(b) Indicate number of participants with missing data for 

each variable of interest

This does not apply. All data were assumed to be accurate and 

complete (see 12c above).

  
(c) Summarise follow-up time (eg, average and total 

amount)
This does not apply. 

Outcome data 15
Report numbers of outcome events or summary measures 

over time

For the main analysis, summary measures are restricted to a single 
year (2018) and are summarized in the results section (See Results 
section [p11-12], Table 2 and Figure 1). For TB diagnostic and 
treatment outcomes between 2015 and 2018 these are also 
summarized in the results section (See Results section, sub-
sections TB Diagnosis Trends from 2015 to 2018 [p12-13] and 
TB Treatment Completion Trends from 2015 to 2018 [p13] and 
as well as corresponding Figures 2 and 3).

Main Results 16

(a) Give unadjusted estimates and, if applicable, 

confounder-adjusted estimates and their precision (eg, 95% 

confidence interval). Make clear which confounders were 

adjusted for and why they were included

All analyses presented are unadjusted.  Estimates were 

determined both overall and disaggregated by HIV status and TB 

drug-susceptibility status (See Results section [p11-13], Tables 1-
3 and Figures 1-3).

  
(b) Report category boundaries when continuous variables 

were categorized
 This does not apply as no continuous variable were categorized. 

  
(c ) If relevant, consider translating estimates of relative 

risk into absolute risk for a meaningful time period
This does not apply. 

Other analyses 17
Report other analyses done—eg analyses of subgroups and 

interactions, and sensitivity analyses

We present all analyses (including disaggregated analyses) (see 

results section [p11-13]).  

Discussion    

Key Results 18 Summarise key results with reference to study objectives

Our discussion section summarizes key results with reference to 

the study objectives defined in the final paragraph of the 

background section (see Discussion Section [p13-19]).
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 19

Discuss limitations of the study, taking into account 

sources of potential bias or imprecision. Discuss both 

direction and magnitude of any potential bias

We provide a discussion on limitations and potential sources of 

bias (see Discussion Section, paragraphs 9 and 10 [p18-19]).

Interpretation 20

Give a cautious overall interpretation of results considering 

objectives, limitations, multiplicity of analyses, results 

from similar studies, and other relevant evidence

We have attempted to provide a conservative interpretation of our 

study results in the Discussion section and where appropriate 

linked our results to other published studies (see Discussion 
Section [p13-19])

Generalisability 21
Discuss the generalisability (external validity) of the study 

results

This is described (see Discussion Section, paragraph 10 [p18-
19]).

Other information    

Funding 22

 Give the source of funding and the role of the funders for 

the present study and, if applicable, for the original study 

on which the present article is based

This is described (see section Funding section [p20]). 
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